
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD495049

Approved for public release; distribution is
unlimited. Document partially illegible.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; MAY 1919. Other
requests shall be referred to Chemical Warfare
Service, Washington, DC 20310. Document
partially illegible.

ECBC memo dtd 14 Apr 2015



022--t Bancorft's History C.W.S.

OUNCEIJ 2 Part I pp. 1- 186

ýq5

JUL2 1969

. •



Best
Available

Copy



B~ANCROFT 'S

H1ISTORY OF THE CIMIICAL WARFARE SERVI(M

/

BY

COL. D.JANCRT

RESEARCH DIVISION,! CHEMICAL WARFARE SERVICE,

AMERICAN UNIVERSITY ECIMUIMENT STATION.

/MAY 3O19

/79

-/ i"



I. History Chemical Warfare prior to the World War J pp. 1-14

A. Use of Poison Gas by Atheniians and Spartans 1

B. Use of Poison Gas in the Middle Ages 1

C. The Panmure Papers 1-6

1. The proposed use of sulphur dioxide by
the British in the Crimean War. 1-6

D. Charcoal Gas Mask developed by Dr. J. Stenhouse
in England in 1854 6-10

E. "Greek Fire" - Article on Use of Poison Gas pub-
lished in 1864. 10-12

F.0 Army and Navy Register May 29, 1915. Report
of recomuendations to Board of Ordnance and
Fortification on Use of Gas in Warfare 12

G. Hague Conference in 1899 on the Use of War Gas 12-13

H. Use of Ethyl Bromacetate in 26 mm. Rifle by
the French. 14

II. History of German Use of War Gas. 14-19

A. The First Gas Attack, April 22, 1915, using
Chlorine 16

t B. Use of Sodium Hyponulphite in first British Gas
Masks. 16

C. Use of Lachryyators by Germans 16

D. Introduction of Phosgene 16

E. Introduction of Sodium Phenalate and hexamethylene-
tetramine (urotropine) in French Masks. 17

F. Development of British Mask 17

G0 Introduction of Chlorpicrin 17

H. Introduction of Mustard Gas 18 1 i

I. Introduction of German Sneeze Gas (diphenylchlorarsine) 18

i

6t



pp.

3. Properties of Important War Gases and Smokes 19-34

A. Chlorine 19

B. Phoagene 19-20

C. Chlarpicrin 20

D. Triohlormethylchlorformate (diphoagene,
surpalite, superpalite) 21-22

R. Bromacetone 22-23

F. Brammnethylethylketone 23

G, Xylyl Bromide 23-24

H. Mustard Gas (dichlordietbylsulphide) 24-25

I. Hydrocyanic Acid 25-26

J. Cyanogen Chloride 26

K* Broombenzylcyanide 26-27

L. C hloracetophenone 27-28

M. Etbyliodoacetate 28

N. Acrolein 28

0. Arsine 29

P. Diphenylchlorarsine 30

Q. Phenyldichlorar sine 31

R. Methyldichlorarsine 31

S. Phosphorus 32

T. Tin Tetrachloride 33

U. Silicon Tetrachloride 33

V. Titanium Tetrachloride 33



-P r

History - General Organization' 35-54

5> History Organization Research Division, C.W.S. 56-58

6. \4History of Researe, - I-,sarch Division, C.W.S. 59-227
/ /

A. Functions of Reseurch Division 59

B. General Statement on War Gas Research 60-66

C. Mustard Gas (Dichlordiethylsulphide) 67-70
Research

1. Chlorhydrin method 67

2. Sulphur chloride method 68-70

D. Production Statistics for Gases,
Small Scale Manufacturing Seotion 71

E. Diphenylchlorarsine,Methods of Making 71

F. Ethyldichloraraine and methyldichlorarsine,
methods of making 72

G. Diphenylsminechlorarsine (D.M.; Adamsite)
Method of making and properties 73

H. Cyanogen Chlorii~e preparation 73

1I. Chloracetophenone - Preparation and
Properties 74

J. Brombenzylcyanide - Preparation and
Properties 76-79

K. Butylmercaptan - Preparation 80

L. Fluorine ý-ý-,npounds 80-81

1. Boron trifluoride preparation 81

M. Arsine - Preparation 82-84

1. Magnesium Arsenide 82

2. Zinc Arsenide 82

116.



PP'.

N. Gas Mask Research Section e5-i0O

1. Canisters, Method of Testing .

(a) Comparison of machine and man
testing 85-95

(b) Photos and drawings of appara-
tus used 86-94

(1) Apparatus for testing cani-
sters against chlorine. 86

(2) Apparatus for testing cani-
sters against chlorpicrin 87

(3) Apparatus for testing cani-
sters against carbon monoxide 88

(4) Apparatus for testing cani-
sters against diphenylchlor-
arsine 89

(5) Multiple Machine for test-

ing canisters (rear view) 90-94

(6) Same - (End view) 91

(7) Same (Detail of one unit) 92

(8) Sane (Front View) 93

(9) same (Rear View) 94

(c) Breakdown 95

2. Testing, Variations in Absorbents 96-103

(a) Standard Tube Test on Absorbents 96

(b) Accelerated Teat 96

(c) uopper Flame Test Chlorpiorin 103

(d) Dr'rings of Apparatus 97-102

(1) Apparatus for htfidifying
Canisters 97

(2) Standard 2 tube absorption
apparatus 98

LV



PP.

(3) G 49 (superalite) apparatus 99

(4) Two tube apparatus for testing9 absorbents with binary gas mixtures 100

(5) Accessory apparatus for mixture
machine 101

(6) Carbon dioxide board 102

0. Detection of Mustard Gas 103-109

1. Detection by smell 103

2. Copper Flame Test 104

3. Sketch Apparatus for field detection 106

4. Field detector G34 in use (Photo) 106

5. Field detector for G34 (Photo) 107

6. Snails and Slugs for Field Detection of

mustard 108

7. Lacquer enamel paint as detector for leaking
mustard gas shells 108

P. Persiotency of Mustard Gas under varying atmospheric

conditions 110-114

Q. Protective Clothing for Man and Beast 115-138

1. Protective Gloves 115-119

(a) Impregnating com2ositions 115

(b) Phot-o Protective Gloves 116-118

2. PrutectiTe Suits 120

(a) Impermeable Suits 121

(1) Air Lined Suits 121

(2) Air Lined Suits (Photo) 122

(3) Oil Skin Suit 121

9 (4) Oil Skin Suit (Photo) 123

V|,=



PP,
(5) Nitrocellulose Suit 124

(b) Semi-perneable Suit 124

(a) Permeable Suits 125

(1) Slzplexene Suit 125

(2) Emulsold Suit 126

3. Protective Underclothing 128

4. " Footwear 129

5. Dugout Curtains 129

6. Horse Masks 1I0

(a) Komplexere Impregnstirg mixture 130

7. Horse Boots 131-_16

(a) Photo Horse Boots 133-135

8. Dog Mask )Photo) 132

9. Theory of'Protection by Impre.nating Fabrics 136-137

10. Ointment for Protection of skin against
"mustard gas 137

(Sag Paste)

R. Charcoal, History of the development of

9Activated 139-150
(1) Theory of Active Carbon 149-150

(a) Active carbon 149

(b) Primsiry carbon 149

(c) Activation 149

(d) Gas treating 150

S. Soda-lime, History of development for

Canisters 151-153

(1) use cf sodium permarqanate 151-153

(2) Use of soda-lio Iv -Navy in Subinrines
as Carbon dioide at-Lrbent 152



PP.

T. Special Absorbents 163-156

(1) Impregnated Charcoal 153

(a) Uhetlerite (copner impregnated charcoal) 153

(2) Ferric hydroxide Absorbent (Iron Gel) 153

(3) Silica Gel lb4

(4) Effective Size of Absorbent Granules 154

(5) Carbon Monoxide Absorbents 155

(a) Iodine pentoxide and fumaing ulphuric
Acid in pumice 155

(b) Other carbon taonoxide absorbents 156

(6) Amoris. absorbents 155

(a) Pumice impregnated with copper
sulphate 155

U. Development of Canister 157-163

(1) Assembly of optical penetrometer (photo) 157

(2) Duplex Machine for Study of course of Kases
through canister (photos) 158-159

9 (3) Channelling 160-162

(4) Cotton pads for smoke protection 162

(5) Tobacco smoke machine for flcnge testing
of filters (photo) 161

(6) Effeot of temperature and humidity on life
of canister 163

V. Gas Masks

Eye Pieces 164-168

(1) Anti-eiming eye pieces 164-16E

(a) Cellophane (cellulo0e scetate - viscose) 164

(2) Anti-diinr ciompouitions 166

(3) Eliminations of dismini by Tissot mask 166

(4) Visibility of eye pieces 167

v ii



PP.

(5) Construction of eye pieces 168

p W. Smokes 169-209

(1) Study of the theory of smokes 169-180

(a) Use of Cottrell apparatus for determing
concentration 169

(b) Use of ultramicrosope and Tyndall meter
for measuring dispersion 169

(c) Preparation of Toxic Smokes 169-186

(1) Condensation of thermal method 169-178

(2) Disintegration or explosive method 178a,179

(d) Photos and diagrahms 170-185

9 (1) Ultrarierograph of smokes perticles
in electrical field 170-171

(2) Tyndall meter (photo) and charts
of data obtained 172-177

(3) Toxic smoke from D.M. candles
(Photos) 181-183

(4) Penetration Atn~aratus used to test
smoke from toxic candles 184-185

(5) Smoke filters for masks 186

(2) Screenint smokes 187-209

(a) Navy smokes and devices 187-194

(1) Smoke cylinders (photos) 187-190

(2) Smoke box (photos) 191-192

(3) Navy smoke compositions 194

(b) Army smokes 194-209

(1) B.M. Candle description & photos 194-198

(2) B.M. Grerade 199

9 (3) Smoke shells (oleum & phosnhorus) 200-208

(4) Livens Smoke oumba 205-208

(6) St skes smoke bombs 206-207

,I V



k•P°

(6) Smoke knapsack 207

(7) Training smoke and gas bombs 207-208

(8) Airplane Bombs and signals 208

X. Incendiaries, (bombs dorts, grenades
and flame projectors) 209-213

Y. Cylindors for mobile gas attacks 214-223

Z. Miscellaneous 223-226

(1") EEi.rpled lined shells for
brom. lachrymators 223

(a) Photo of shell 221-222

(2) Use of arsine 224

(3) Work of explosi'es section 224

(4) Extraction of Helium from
natural gas 225

(5) Work of Editorial section 226

7. History, Medical Division

C.W.S. 227-271

A. frganization and Functions 227-229

B. Methods of Testing Toxicit3 of gas with
animals 229

C. Toxioity Scale for gases 231

(1) Lethal cone. for dog and mice 231-238

(2) Cone. for laohrymation of eyes 238-242

(3) Tests for v,.icant gas 242-243

D. Pharmacological kction of Mustard Gas 244.257

(1) Comparative action of mustard, phoagene,
phenyldichlorarsine and ethyldiohlor-rsicre 249

(2) Photos showing action of vesicants on
human and dog skin I . 251-257



PP.

E. Physiological problem involves in gas mask 258-268

(1) Fit of face piece 258

(2) Resistance of canister 258-266-268

(3) Physiologioal testing of gas masks (photo) 259

(4) Range of vision of eye-pieces 260

(6) Comfort of the mask 261

(6) Discussion of breathing and relation to
anatomical dead space and deftd space
in mask 261

F. Therapentic Section (Studies of methods of treating
gassed cased). 269-271

8,'History of Dervelopment Divisioln 272-289

A. History of the development of manufacturing
process for activated charcoal from cocoanut hUlls 272-279

B. History of development of mustard Fas by
sulphur chloride method 279-283

(1) Process for making ethylene 280-281-285

(2) Casualties from mustard gas 283

(3) Dow Chemical Compe.ny production of
Mustard Gas 283

C. Develoiteont of booster and adapter for ?5 -m gas
shell/ 288

D. Glass Lined Shell 288

E, Production of Lewisite 289

9. 1ktor of E ewood Arsenal 290-344

A. Organization Charts 290-292 (o)

B. Acquisition ati2 development of Edgewood
property and oomercial plants which cos-
prised Edgewoos Arsenal 293-300

C. Gas Casualties at Edgewood 00

D. Construotion of buildings, vater system, & power
plant 301

XI



PP.
E, List of Toxic Gases and Raw Materials prepared 30,

or purchased.

F. Procurement of raw materials, pounds per

month 305

G. Chlorine 306-307

(1) U.S. Production 306-308

(2) Chlorine plant at Edgewood 306- 308

H. Bromine, production and use 308-309

(1) Dow Chemical.Company,
Development 308

I. Phosgene, process and production 309-311

(1) Niagara Falls Plant

(2) Bound Brook Plant

J. Chlorpicrin, process and production 312-313

(1) Stamford Plant

K. Mustard gas (dichlorethylsulphido), process and
production 313-321

(1) Chlorhydrin process

(2) Sulphbr chloride process

(3) Ethylene production 317

(4) Lewistein Process 319

(5) National Aniline & Chemical Co. Plant 321

(6) Hastings-on-Hudson Plant 321

(7) Sulphur Chloride Plant at Edgewood 322

L. Brombenzvlcyanide, Process and Production 323

(1) Kingsport, Tenn. Plant 323

M. Diphenylohlorarsins, Process and production 324

(1) Croyland, Pa. Plant 324

N. D.M. (Diphenylaminsohloraruine) process and
Production 325

(1) Newport Chemical Wtorks, Carrollville, Win. 325

II



PP.
O. Phosphorus, production 325

9 (1) Oldbury Electro Chem. Company

(2) Electro Reduction Co.

P. Tin tetrachloride Production 326

(1) Metal & Thermite Corp.

(2) Vulcan Deterring Co.

(3) Republic Chem. Co.

Q. Silicon tetrachloride

(1) Niagara Smelting Corps. 326

R. Titanium tetrachloride Production 326

(l)Niagara Smelting Corp.

S. Gas Shell Filling - processes, plant and
Production 326

(1) %renade filling plants 330

(2) Incendiary Bomb filling 331

(3) Livens' druns filling 331

T. Gas Shell 6torage 331

U. Transportation of gas and C.W.S. MAaterirl 332

V. Miscellaneous 334-344

(1) List of Edgewood Arsenal plants 354

(2) Toxic gaa programs 335

(3) Gases, produced and shippe4 356-344

(a) Bulk shipments overseas 336

(b) Containers, used 338

(a) Weight of gas in various caliber
shell 339

S (d) Shell, rrenades, livene driz•i
and bombs filled 341

(e) Procurement of Raw Materials 342



it(t) Production of toxic materials 343

(4) Condition of Edgewood Plants at

Armistice signing "44

10. History Proving Grounds Division 345-360

As Development of Lakehurst Proving Ground

Bo Organization Chart 349

C. Function of Proving Division 350

D. Equipment-nd Methods of Proving 361

E& Animal Tests 354
11. History Traini s 361-377

As Organization and Functions 361-

B. CampoK c 366

C. Outline of Course given at Training
School 371

12. Vistiry of Liaison Affairs ... 378-389

K tlL



-1-P

The use of poison gases by the Germans at Ypres on

April 22, 1915, marked a new era in modern warfare. The popular

opinion is that this form of, warfare was original with the Germans.
(I)

Such, however, is not the case. Acoording to an article in the

Candid Quarterly Review, All they can claim is the inhuman adoption

of devices invented in England, and by England rejected as too

horrible to be entertained even for use against an enemy". The

use of poison gases is even earlier in origin than this article

olaims.

(1) Called to my attention by Major C.J. West.

(2) Vol. 4, p.561(1915)

The Zirst recorded effort to overcome an enemy by the

generation of poisonous and suffocating gases seems to have been

in the wars of the Athenians and Spartans (431-404 B.C.) when the

Spartan. besieged the cities of Plates, and Belifn They saturated

wood with pitch and sulphur and burned it under the walls of these

cities in the hope of choking the defenders and rendering the

assault less difficult. Similar uses of poisonous gases are

recorded during the Middle Ages. In effect they were like our

modern stink balls, but were projected by squirts or in bottles

after the manner of a hand grenade, The legend is told of Prester

"John (about the eleventh oentury), that he stuffed copper fi.ures

with explosives and combustible materials which caused great havoc

when emitted from the mouths and nostrils of the effigies.

The Idea referred to by the writer in the Candid Quarterly
is due to the English Admiral Lord Dundonald, and appeared in the

publication entitled "The Panmure Papers".
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"The great Idmiral Lord Dundonald - perhaps the ablest

sea captain ever knon:, not even excluding Lord Nelson - wac also

a man of .vide observation, and no mean chenist. le had been struck

in 1011 by the deadly character of the fumes of sulphur in .Aoily;

and, -.,.hen the Crimean ,.ar was being waged, he commmuicated to the

English Government, then presided over by Lord Palmerston, a plan

for the reduction of :3ebastorol by sulphur fumes. The plan v:as

imparted to Lord Panmure and Lord Palmerston, and the wvay in -'ahioh

r it vias received is so illustrativý? of the trickery and treachery

of the politician that it is ',orth ".while to quote Lord Palmerston's

private communic~tion upon it to Lord Panrar-e:-

LOPJ) PA•IMIJ"O:7 TO LOZUD P•?MI•2..

"House of Commons, 7th Iut~ast, 1855.-
"I agree w.'ith you that if Dandonald will go out

him to superintend oxd 6irect the execution of hiz scheme,
we ought to accept his offer and try his plan. Tf it succeeds,
-it -.- ll, as youk say, s hve a gre.t number of ,lrish .and X-rench
lives; if it fails in hi-. hwi•ds, -.'.e shall be exenpt from. blamne,

and if ,'I•e cow: in re," a srmll share of the ridicule, :.-e can be..r
It, and the ---re~ter part" -.-i11 fall on him. You h.id best, there-
fore, ma,-e ar_*-a;,ements .-.ith hito s:ithout del x,, and "aith as =uch

secrooy as t~he natu--'e of things ":aill adrait of."
¶Iaswaal Lord Dundonald's plw.- have alroeady been

deliberately pub1lis.ed by the two jersons above.amem, there oa.

be no harm in no.' republiuhiij thea,.. '.'hoe -i,,, be foud in the

first volume of The ?ammaro laperg pp.40-342) and are as folla.v:-

" 1; was observed .-hen vio-ing tho :ulphu. iolns, in

1i



July In 1811,, that the fwnes Which escaped in the rude process

of extracting the material, though first elevated by heat, soon

fell to the ground, destroying all vegetation, Ad endangering

animal life to a great distance, as it was asserted that an or-

dinance existed prohibiting percons from sleeping within the

distance of three miles durlr;: the meltiiU seacon.

"An application of these facts .ias immediatel7 mAde

to Mtlitary and Taval purposes, and after mature consideration,

a ;4emorial was pr-esented on the subject to tiz 7oyal !Iighcess

the Prince :egent on the 12th of April, 1812, *::ho 'ras graciously

pleased to lai it before a Com1istior:, consisting of Lo-d m.eith,

Lord Eumouth, and General and Colonel Cono;reve (aftersards "ir

illiar), by :hom a favour:iblc roport havln'! been give-, 'is

iRoya! :71f-hnoss w pleased to order that secrecy should be m-in-

Stalned b: all parties.

(J,i-ned) Dundona-lds
7th -',Punt, 1855"

""•terials required for the expuision of the .ussians

from .ebastopo. :

B'werimental trial:. have sh•rm that bout five pal.rc of coke

effectually vaporize one part of culphur.

L:Ixtures for land cerv-ee, where welhht is of Irportazoe, may,,

ho-ever, r.-obably be suggeoted by Frofessor Fa'adaj,, a to o;era-

tions on shore I have raid little attontion. ioue or five hundred

tons of culphur and t-ao thousand tons of oo0-- ould be 'tfilcicnt.,

-- *



A

up.i

V -4-

"Besides these materials, It would be necessaey to have,

say, an much bituminous coal, and a couple of thousand barrels •of

gas or other tar, for the purpose of makcing fortifications to be

attacked, or others that flank the assailing positions.

"A quantity of dry firervood, chips, shaving-s, stra:, hay,

or other such combustible materials, :iould also be requisite quickly

to kindle the fires, which ought to be kopt in readiness for tae

first favoutrablo and stead, breeze."

Dundonald.

7th -Wgust, 1855.

"Nlote.- Zhe objects to be accomplished being s•rcciall.

stated the resronsibility of their accomplishment ought to rest

on those who direct th-' e:ecution.

"Zuppose that the ;.ulakoff nd :>ed~u: are the objects to

be assailed it might be Judcious merely to obscure the :.edaun

(by the smoke of coal and tar kindled in 'Mhe -4arries' ), so

that it could not annoy the Laoolon, .:here the sulpihri fire .'ouid

be placed to expel the garzison froLr the 2Ialcoff, .-hich o-i. i

to have all the camion that can be turned toiards itt. rwc~art~c

ezwloyed in GverthrO.ling its undefended ramarts.

"There Is no doubt but th.t the fumes .7iii oz~velop "l.

the defense from the Zalakoff to thu Barracks, and even to the

line of battleshi., th;. ý1.vlve .'postles, at alchor In the harbour.

"Mhe tio outer batteries, on each ride of the Port,

; ougaoh to be smoked, sulphured, sad bloni do:-. b:- exploion vessels,

and their destruction courleted b:, a fet ship. of -r;Lw &rchorod

under cover of the smole."



"That was Lord Oundonald's plan in 1855, improperly

published In 1908, and b7 the Germans, wvho thius leal-nt, It, ruth-

lessly put into practice In idiS.

"Lord Dumd onald's c meoranda, t o~ether *.ii tl further

elucidator:: notes, were subisdtt'.d by thle .ý,lith Goverument of

that day to a committee and ,ubsequontly to another comAttea

in which Lord Playfalr toox leading. part. '-These counittees *.71th

Lord Dundonald' s plans fully and in dotal!I before them, both re-

ported thit the Plars aiere porfectly fea.-Able; that the oifecte

empezted from then r.ould undo-abt._nA:'- be produce,.; batt thlat those

effects :.,re co horri"U'c tiat no honoraible corib.;tant could uce

the means zequired to I.,oducc thoni.. h~o cotami ttccs therefore

recoxmaended that the thcricc shiould not be ado-,tou&; thi.t ZodU1n-

donald's acco-ant of It, ,hould ~'o deztLro,'ed. Klo- the record:: v~r

obaid tuid p;eýor~ed 1b.- tho: e -heo ~o erly uiiuli shod tilesi

iii 1308 aoe do not Iaio-:. Presuxr..1)bl: they wverc found =r Lo:rd

ranmufe': i~apera. A=.dri rl ;,oý., ~DAoi~l,. hlk.self rwaz cortaini::

no party to '.heir- pu~lication.

"127hus It -.1li be seen that thi rlar. -hlc*- xzla:,G had

reJectd --. 6&1r: too harrible for ur-e !,. -i.arfý..re hasr booll, '4-rou~j1

the deplorable conduct of thoae >f to sow~mho:.- ob-tained .~dpubllshed

it, stolen f roim us b,- the Gerras, w 6 f I .-Ct ,azed U: -; t'h.t

h.,vlr.:* boen done, weo ot~r..o- chloote b-At rotallatc Ir. I'nd; for- -.h'cn

such mretloods of warf~rc are uBod -a -alnvt -:- "w'.to our 0:11

protcation w-nd thait of oiar zolderr, ourcelvct une vwr MiJE11u

and as efficacious. .,ueh rwano lit, :cad.- to our- lujd !E cird'-al



Lord Dimdoniald'. pl:.ns; and iý, ir ýo bo prc~iurod tlha; they' are

a.oi , .rorkced out and D.erhape i1n,.ovted upon b-, thc modern~ choriictc,

so aL, to enable us offoctually to give back to th(. Goznman a--

good a a, the.- _-er.C uu.'

The .,.ritor hI the Candic uartorly I c ,,ror.,,: lr~ sw.:'inL

th.At the "eortranc lear'imed of t-he Brit!ieh sugjt-ettior to use po~eoiroue

SameJ ir. wo:irfare fro-. the inu*Alcatior. of "Vie '.Puumz-:o lý,erve" In

ljCo8. .;hile the cori,.oto det:Jlz first becwi.xc ý.v.Jable thon, -a

reference to th. ln.tt-- abs .iUz,?.cd ii, 1354~, at ':1xich time

*gas mask, had beer. devololed to pr'otect i;~ :3.11.2-h tiamisscivec

against poicor~ouz ,*.s. 'lhil .uas invenrcd bz? ijr. J. .ter~house

aid ra s described by ;,r. ;eo.:%: il1soi." ki

(1) I-ranti. :-.0:y. ,.cottish Smo. x.ts, 'iv .L;poozx 0, p. 1,jG ý18&4)

"Dr. ..ilcon comuz~~cod b:-t~h: thu:k U'aviii :-,aui ;;ith

* :u%,* Interest thc ac..ow:: ol :;ý. Jtmainucolz & :es _;C.-xe6 on the

doodorzi~Ir, and disir..oettin; jropc.-tlo.- o~l zloeo.A1, _iil thu ap: Iic4-

tiov, of thoec to thc aon.: :acrWor. of ... re-. "~rd lmportant ldrvd or

resplirto:ý, he h:W -eziucsted t ;.* xcomll1sthed chetis; .o cc-:d

ozao of h.'; in::zrumr~t. to.-~b~~: to th W.octy, ,h~lh ho ha

ldr~d1- dor~ce.11 of Lie Ivi-trwt e-t :w nw: on the ",ble, WfarerinC

ro cli~rtly Ir o. 00?Arutmxotl, tha. 1t o% . be cufflolcr.:

t o~: the v:-wX.-*mmt of orr- oi tChe. I 1ern *i:, It hu

9 ~the & arpwrwce of 2. =rall fRorcnc:-r,.;1. of *.'e.:ooo~err

f~oo f.om tho chli- q.:-trdr to t%' lui i&,ofo th ::or*, bmt Io-ivh.

the cvos u4 torecio4 frce. it oonsG.ctod "co-11 tA~,of YO:7 'vi~tc
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of A--re gaute, separated fromi ea.ch other' b-' a cpace of -at 1/4

or l,'8 of an Inch, so as to fo~rm a stnall czagI filled :Ita avraa11

fr4,*merts of oh Lrco.). 'ho ±r no of the caigc : of can er, but

the edg~Es w~ere rmado of sof t lead, and ..cro lined .thvelvct, so

as Iwo admit of their bein; rxAde to fit the chock-, tioitly and

Incose~ the nouth &nd r~ostrill. By thic arran4:cm~nt, no air

could enter the luzi:)s -aithout j',assik Qghroigk.h titr: -,l-:: and~~ ~

9'traver&Ali the charcoul. .,i. apor f tre 1:, :ovlded -.i1th a cc e

or slidIA.; valve for the reLmvw.. and repiclh.c. of tht: 'uontc

of wood charcoal. Ahe Ao'paratuz Is attached to the face by an

ola!;'ic band pascsr.L: over th- Cra'nl of th*. ho .6 =,d ::tri., --- t,.-ir.

behind, as in the cý_se of th'.: ordiinar.-: rer, Irate:. Meh impo.tant

a :ert ir. this inetrwment. 1: the ch:Lrcoal, -.11hi 'n haL; so romarlablc

a iou:er- of absorbi.-:; i±nd %Letro,,ir,ý; Irrlitatii za~.d OLt.CxAA?Iso ir-

:-esri rable n oicon.our- ease c ý, Jd va) ci.*z ti-~t ar=6c t : the

respir'ator, spirits of h.L.. shcrnrz, nalphurettet: h~ndogcz-, hrd.-o-

..Uipiwrj of az2.Onia, and ahlorize .'rg be breathed throw;,. i t

~I ~ .,un =ty' thoit~h bna iigt: d~l-ae wuti.4 h 4&r. '2Mci re-

suit, first obtained b:* ' tre .;ternhouco, h:as been verified b,-! those

-Ac'h !".vo repeated thxo trial, armoi% others b:: .!.re iison., -mho

has tried the vapoiar: rntxd abovc oz, hitzelf :4,A fou- of his iupllre

*.wAo have lirei:hcd the~a with iqprIpuit. '* -e~ or,,ation. of thlr-

raeaarkwable property of clv~coa1 1;; tzio-fold. 111 hast 1or4 botn

kno~* to 1OosCs~s the we-o~rO of oznOezin!; into I tz pore: g~.ecs

=Ad vapourt, Co thAt, If f -ehly prep.Arod 4r Ciqr*ouo ;o osIt

absorbs aW retains them* Sut It h"s soarcoeL7 boea sucrootewI =&il1



recently, when Dr. itenhouse pointed out the fact, that if charcoal

be allo•od to absorb simultaneously such gases as culphurettod

hydrogen and air, the oxygen of this au•sorbed and uondonsed air

rapidly oxidizes and destroys the accompan.yini; gas. (So marked Is

this action, that if dead animal., be imbeddod in a layer of charcoal i

a few inche.- deep, instead of being prevented from decayaii: ac it

has hitherto been supposed that they ,:ould be by the supposed anti-

septic powers of charcoal, they are found by Dr. itenhouse to decay

much faster, ;T,'hilst at the same time, no Offonseeffluvia are evolved.

Th'2e deodorizing po,,vers of charcoal are thus established in a -.vy

the- never have been befog'e; but at the a.ame time it is chovm that

the addition of chai'coal to sewage refuse lessens its at:ricultural

value contemporaneously %.iith the lesser'rn of -Aor. Prom these

observttions, *.1hich have been fully verified, "t aplears that by

strevhir: charcoal coarsely po-'ldered to thf e:ftent of a fe2, inches,

Sover chuLrch-yards, or by placir,; it inside tae coffins of the dead,

the escape of noiisome -Ld poionou- c:halationz may be totally pro-

v "ented. The charcoal resi ira::or embodies thiC inm!o",tant diocovery.

It is certai:, that many of thc miasmata, malaria, arnd in'fectious

matters which nropaPate disease in tile hula. subjeit, enter tht!

body by the lurns, and irpregnatij; the blood there, are oarriea

with it throughout the entire body, zhilch the:., thuii ioison. i'eIc

miasms are either gases ad va• our., oý- bodies *,:hich, like fMni

Sli,;ht dust, are reAdily carried 'LroWxh the Adr; moreover, they

are ireadily destroyed by oxidi-inj agei.Lo, 'hMch convert the>,. Into

harmless, or at leas•t non-poiLOnIOus subctancec, s;nh as w'toz,
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carbonic acid and nitrogeki. There is every reason, thereforec, for
Sbelievin that charcoal will oxidize and destroy such miasmata as

effectually as it does sulphuretlted hydrogen or hydi-osulhhuret of

ammonia, and thus prevent their reaching ýand poisonilng the blood.

The intention accordingly is "hat those who are exposed to noxious

varours, or compelled to breathe Infected atniospheres, shall wear

the charcoal resplrator, wilth a view to ar.'est and destroy the vola-

tile poisons contained in these. Ljome of the non-obvious applications

of the respirator :ere then referred to:-

1. Certain of the larrge chemAcal iiwr.ufacturers In London are now
supply.rng their wormcr. .Aith thi charcoal reslirators as a i :'otection
against the more Irritatinr v.,.poxurs to which they -re exyosed.

2. iMany deaths have occured among those employed to explore
the lar,;e drains and se-,ers of London from e%.-ocvre to sulphuretted
hydrogen, etc. It may be asserted w:ith confidence that fatal results
from ex=osure to the drainage gases -:si i ease a-, soon as the res-
pirator i- brought into use.

3. In di~tricts such ar the Campagna of come, -..nere mal-ria
prevails and to travel during- nigpht or to sleep in ,-hich is certainly
foll:.-.ed an attack of dangerous and of'.en fatal ague, the "earing
of th' respirator even fo. a few hour.- mjy be cnxected to renIel
the marsh -,ol son harmless.

4. Those, who as cler::'lnen, physiclar.s, or Iogal advlE.•:::,
have to attend the rIck-beds of rufferers from Infectiouu. dl;orders,
may, on occasion, avail themselves of the p):otection afforded b';
Dr. Otemhouse's I _truz.wet during their Intercourse -ijth the sIck.

5. -2ho loni-Ing for a zhort "-d dec'sive w'r has led to
tha invention of a "cuffocatiig bomb-shell," ":hilch or. burrtirn:,
Wouds far an:d A:ide andirreciprablo ] r oioonou-s vapour; one of

the liquids proposed for the chel. i, the sBroix;ost =.:onia, ard
aZ.-Inst thlt it ft. bclicve, that the charcoal rectdrc:, rao Li eo-
fend our soldiers. Its !i oly to serve thic end, It is at .;resent
before the Board of Ordnanae.

""'2"r. ;,,ison stated, in conclusion, that Dr. .tenlhouse,

had no interest but a scie•.tifl one In the wuocesc of the respira-

tort. He had decline to patent them, and desired only to apily
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9 his remarkable discoveries to the abatement of disease and,death.

Charcoal had long been used in filtero to render poisonous;\vatcr

w'fholesome; it ,ras now' to be employed to filter poisonous air."

I have not been able to find any reference in the

scientific literature as to the action taken by the iAjlivh

Government in regard to ;ýtenhouse's mask; but the quotation from

the Candid ý,4uarterly clears up the matter. Since poisonous gases

"awere not to be used, it was unocesuary to 'rovide a defense asairst

t them.
One of the early, If not the earlies., sugeetion as

to the use of - oison gas in shell is found ii an. article on "Greek

Fire" by B. 1-. dchardcon " -"M 'Wv .'eie,-.- : i" ( )

"I feel it a duty to ,;tzte o-only 'rnd boldly, that

If scicnce were to be allo.:ed he: P'ul. s::in,:, if society

would really allo.' that 'all is fai .' in ":ar', wvar m-a 't be

banished -t oncv fron thi: earth a:: a g;me "'.hch r ei Trer

subjcc• nor king dare play at. "1lobec that could distribute

lieuid fire could distribute a'so lethal .Zent., -:ithiri the

bre th of :ihich no mn, hoeveo puissant, could :t:,:W and live.

z-om the summit of rimroce Hill1, a fe.'." hund.ed rjIneorc,

properly prepared, could rcnder ..egent's, rarkL, in an inoredibly

short LT-aoe of time, utterly unnhabitable; or could ma:,.C ar.

arm:, of men, .hco should even fill that slpace, fall .-,, th their

armr in their handa, proetrzte and helple.r Lc the host of

, onnaoher I b.

vi
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"The question is, shall there things be? I do not

see that humftnlity should revolt; for would it not bl. better

to destroy a host in ..egent'c Par'., by making the men fall as

in a mystical sleep, than to let domn on them another host

to break their bones, tear thoie. limbs asunder, and ,ouge

out their entrails with three-cornered pikes-;-- leavin: a

vast majority unde.d, and ".ri thin-: fo:" hours In torments of

"the dxnned? I conceive, for one, that scienice aould be blossed

in spreadin• her ,:tings on the blast, and breathin. into tho

facc of a desperate horde of men prolonged sleep - for it

n, ed not necessarily be a death - x;hich they could not gr•ap:le

with, and -"hich w'ould yleld them up .z th thelr iplemqents of

murder to -_;,$ enemy th .t in the Lz.iensity of Its poer could

afford to be as merciful as Heaven.

"The que-.tion Is, shl11 these thines be? I think.

they must be. By %z•t comct can they be stop!!ed? It were

improbable that any congress of nations eoild k;ree on any

code refJt :ng memis o. destruction: but if Jt did, it weore

useless; for science beoomet more poerful as she concentrates

her forces In the hxids of umnte, so ti"-t a nation could only

act, by the absolute and individual assent of each of her

representatives., ssume, then, that f'r--ce shall lay war to

3land, and b:- superior force of men should place limmense

hosts, vrell =armd, on :,1lIsh soil* (W ~pr'ob~able that the

units viould rest In peace and allow sheer brute force to -ain



its way to eapire? Or U awlish troops on French soil,

and reverse the question?

"To conclude, W'ar has, at this moment, reached, in

its details, such an extravagance of horror and of cruelty,

that it aannot be made worse by any art, and can only be made

more merciful by being rendered more t ribly energeP!ic.

,ý'ho that had to die from a blow would rather placcc hzs head

t under Nasmyth's haemmer, '.han to submit it to a d.Umnei?-boy

armed with a ferule?"

The 'Umy and Nlavy legister of Lay 29, 1915, reports tiL.Lt

"among the recommerdationc foparded to the 3oard of Ordnance and

Fortifications there may be found many suggestions in favor of the

asphyxiation process, mostly by the employment of gase, contained

in bombs to be thrown within the liner of the foe, with vary-.n

effects from peaceful slumber to instant deaths 'nTh ine._ious

person suggested a bomb laden to its full ca.pacity with snuff,

which should be so evenly and thorouJhlqy d.stributed t*"t the e:e:z.

-. would be convulsed -:ith sreezine, "rno it thic period of paroxysm

it .:ould be pozsibic to crcep up on him and capture him In the throes

of th. convulsion."

I"hat the use of toLLon gases was n:;t new in the m~rds of

mlitar7 men follows logically from the fact t1at X the 1i.a.uo Con-

ference in 1832, the Govornments r;eresented - and all the w.rriwS

4 powers of the prerent ;reat conflict imre ,et'resented - plodged

themselves not to use any projectileo whose only object -:-a to give



out suffoatino the Con-ress of 1907, artcle

"It is expressl~y forbidden (a) to bmploy poisone or

poi conous weap one.

.Iý is interestin '; o note ir. this. connection that the Vnerioan

and German delegates to the IMsnu Congres s ---- refusect to co1,•'i their

countries against the use asrhyxiatino gas in -ro~jiotiles (Literary

Digest, 50, 1064, (1915).

,dmoiral Lihanla'e memorandum of his s easonc for opposing

the yrovisions is, in pre:, as foll-a eos:

"No shell emittiA,; -such 'ae is ac yet in practtecal

use or has underat on. adequate o1pe o izent; conseqtuent!l, a vote

tzrcen nya wnould bsetas•he In ,anogace ofn roie facts s toerety

the results -.-ould be of -decisive character, or Ohethc injury

in excess of that necestary to attain the end of ::arfare, of

imnediately disablin;.; the er.ek, .!ou~i1 be inflicted.

* "hTe reproach of cruelty .nd T o•ridy addressed

againct these sLpposod shelh. -aus ecually uttered rrevloucly

against fire-ar•::-s aid torpedoes, al.thoaLh both a'e no.: em-

ployed :ithout scrUpP. *

"It it Illogical and not demonatrably humane to be

tender about asphyxiatlng men wi th _;as, .-hai all ,-ore prenared

to w4mit that it wa; alI'.iable to bMo" the bottom ou. of an

Ironclad at midnitft, thro.ai.; fou." or fivo hundn"d men into

the sea to bo ohoced b.' the vi.ter, with searoely the remotest

chance to eso;pe.'1
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Before the wa suffocating oartriddes were alhot from

c----i- tL••L• rifle 4# These cartridges were charged

with ethyl bromacetate, a slightly suffocating and non-toxio

lachrymatory. They were intended for attack oii the flanilnd works

of permanent fortifications, flanking casements or caponiers, into

.Thich they tried to make these cartridges penetrate by the narro.:

slits of the loopholes, 'The men .vho .,.ere serving th') machine guns

9 or th, cannon of the flanklng works would have been bothered by the

t vapor from ,;he ethyl bronacetate, and the assai lant :'.ould have

profited by their disturbance to -et past the obstacle -resente~d

by the fortiflcation. The enplomei t of thece devices, not en-

tailinj- death, did not contravere the Eaýxue .... ,oentios.

The first gas attack of the present war ",tas launched by

the Germans at Ypres on April 2•2, I•15. It is probablo that plans

for thic attack had been under way for monthz ..t least frovi Th.rintmas,

D194. The introduction of toxic &ases in modern v:Arf.re is ascribed

bj ol. Iul•i o Professor ,0alther Lernst of the Ur.iversity of Berlin,

while the actual field oporatiotý ýre said to haie been -under the

(1) Gas and Flame, 15, (1918)

genera-l direction of Professor Haber of t•, "e: .ilhelm .'nys:loal

Chemical Institute of Berlin. Som eri o:; have felt that the

question of preparation had been a natter or ,xars, rato,'. .4,

monthe, wnd refer to the work on industrial gases as a proof of

thic statement. Tao fact tjut the gas attac": was not rio:.e suecct.;ful,

that the results to be obtained were not more aplreeolated, iwd that

bettor preaaration againct retaliation had not beoo .%do, argues
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against this idea of a long period of reparation. That such was

the case is most fertimiate for the Allied eaut•e, for had thu Goreax

hi.,h com-.znd kno.-n the real situation ,tt the cloLo of the first

gas attack, or had Kbeen more severe, the outcumo of the .*:-r of

1914 would have been very differer.t,

The first suggjestion of the gas attack of •prIl 22j4 cme

to the British Army throuw, the story of a Germnax dese.ter, i.e

told that t+.e German Lrij :vas plannint to poicon their enemy withp
a cloud of gas, ard that the cylinderu had already been installed

in the trenches. Yo one believed the story, largely because, in

spite of the numerous examw.les o' Germ..-•z barbarity, the Jnglish

did nol believe the Gernan coxablc of such a violation of thu Hague

rules of .7arfare, even thew-h he had not si-i.ed their agreement.

The story appeired in the srwary of inferMtiq &he!%.uarter,ý

"("Conic Cuts") anc. az .uld 'a,, "vas passed for information for

wnat it iszo'th". But the story .'au tr-ue, and. on tho• afternoon ,of

the 22nd of \,pril, all th,. cc.iditlon:z being; ide;..l, the bcinnin of

"gas -:a-rfare" was launched. Details of that first gav. attac;: -ll

al:aa.ys be neae for the nimplc reason that th.j, men ":ho could

have told about never cane back.

1A
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,hile a geeat =anmy cubrtances have boor studied ::ith ref-.

erence to their uue In .-t ~arfai-e, relatively fe'. have been used

to alni fgreat e_ýtermt. it =W.i- t~herefore bc desirable to givye a brief

o ut1 in e of fo:..ie o f t ile . op e -t Ie s oif th1ie m o reo im'o Lt ~t a:;a ge.

Chlor:ine, a-s-4*.:as f _rct usod ;iý-ll _44--1.-L- _ is a

zecL l eh- lo2L1 ;ti4 1. suiffocaAng; and 1_iritatingý -nail. It

b oli s z; -13Z. .G0,_A tae v;iLro. prercure of liq--ild chloeine ic 3.66

atnmoz harems a--t 00Ln 11.5 -.t 400. 2-he smolecular :agh isý 71, --o

tatWv:..--,oor I:. iLoarly 2.5 timetsu aei!!c a.- Z.A.r '71j>8.81. "lho

de:-z:it-: of' li-ald ch.1o_-.n is: 1.4635 at (Jo and l.410,13 _tt 200. I t

Is etsi 1Y rre-".rcd a; ( eas! :y 1i GUI.&fiCd. Tt 1., -o volatile t'olat

it c-,!: be used Ii. _L c::lirdc:- or clouad att.ickc. : rvn

cool~rZ of the cylirde.:: t~he dk:char1_--, tvuba rx.. to t'ie 1;t:.

I!: a~u Corl a!.6,vi~:ain aC r~~ace outride thc c-11inder.

'illorince iz- nio% very. tox'ic, the lethal con-centrati-1i bolrC

~..rlýj or iitar (770 1.'rs for do--, on 0-G r.Jutec- o;.-ozu:'a. It

is ver:- coreocive but rea-ctr ,-,o rc~di ly mit .ost thillJc t~iat It I--

ca:;! c~ -top-'o~. _1 n hei cainJ-t er .,;4.t; thec soda-limo I t reac ts Isdirou tly

--rth t-le -zodu-liiro. L, is also abso.rbed b-- charcoal .11.6 reacts *.itith

moisureaccrdi: -_i the ecuý_tion 2CL., + 2.!.,O 2=11 + 2 IClO - 4!101 +0,,

the hydrociiloric acaid bein_; tawcen up b.- the soda-lisle. Dr:, chlortIne

do-C not react w;ith Iron mid 7.ax. therefore be 1kopt in steel c:.rllndcrs.

?hscoC1. :... ~ LIU...r 12.l is a.

Saolor--i~cr gas -vith ;a, smell lieritvty he-y. it boils at 8.20 and

thte vapo-pr essure of 11 uld phosc~ene is 1.6 atmos'.-he!'ez at 2100 and

3.1 at 400. It is over three tiries at; dense as air. "lie dens.it- of



the liquid ft1.l432 ;at 00. It is not sufficiently volatile to be

used by I tself In cloud attacics --rd ic al,.,ayc mixed *iil th chlorine

Ini such c"ýcc, the nixturu usually contairlin-20 - 251" phoegenc.

It is about sever times as toxic as chlorine, the lethal concentra-

tion for dorgs or 30 ninute eki;osuio bcir4;', 0.3.1 mg. per liter (80 rp.p.m.)

Phosgrene reactc readily .-.It!L -iater accordiim?: to the equatix'

CCol.. + TTO =00,. + 21101.

In the caniztter, phoczicre isý absorbed b.- ch4-1:co&U a..e r-eactsc

'.Ath thec moi sture 11: the latter to com cL-bon dioxidc urd hl'K rochlori c

acid, Jvhic", tr a]ze2 up b, the soda-linmc. .xodu-li:.c duCs 2,o-. abzo--[;

or deco.:.TOse j1,10os-,Mcn s-fioicntl: rasi'1ly to AL.d LtentCio.

.he cha-rcoal gives thnc tvi s: n *o du-llime taf.ý Ca. acit'*

oreased oitreiz- the chroLinc reaLOC it- iilay o.a~

phos~ene.

-3) t cc lcs b>i , bAi'*Ii. at

1120, and havinr, a VXa10' r',O~sure o.: -*6 =,y-t 00, 14.0 11x't 150,

and 2~3.8 m.,-, at 2ZýY. "MQ varor ii. nea-*ry clix ti ric. as d.ie-se .,.

air. :-'he denzit~y of' the li,11id is 1. 6'.ZZE it 40 "lid ".U t 200

the t>'o detern,:-ination,, not beirj nzadc by the sae:to"ii 4-ie ire~.V

Pe-, 1-120.~ Ohlor-picr~h is, iot c~ii>vol-tilc fo. I lic

b,,- itself in cloý.:d ht~::. lic it h boee used ml.IXcd .ith 7k1'

chlo:'ne, It i . usua!.ly, firod Ir -%01. it 1 1. mce.Koý 0-

(0.8 ný,/ per l1 Ler, 110 p.p.m.; sornea.:at 1,,chr:ymator:!'.1' ".l I

per liter) and liable to oauue u,'~: .iu f o c Ir - 0-0,1.11 oft

rna:. I : c tol-pd c S fac torlI,,- b.1 t".-u:4e :xco U~ced In 1thei

r Elk's '. r-c-cel,. -laborL..to.7 ul ohrew.1I. ftb~Iouý oix ht!.c tr~

-tc OffOc-tivo as, bo carllcr T~tterl,',



TA-rii).ýoeth-ylcn-io.*ioý,ate, C1CO!.>CC11z is caner2dipo,.c1

b:!e >!i tisl, surl.>-Li te,b,: t*,c. P~re., ch, *rnd ~u'r ito b:7 tiic

.~c~:x: I ~ . olo m obi ', 1li( -:i . tli f: j *, "

------- ---------------------------------------- 0

de!-zc a: l. a!.d in %C~~u ~- .O:-,_- ':hC c .t 04'

0: 71,; . -~ vofl$ t *l.; ' I C IL jBE I -~ti.C -- . !

-rec!'. cros. 'c ,ci ueauli conta~ir L ez0. Dupe .-] l Itc

x~. noj *.etio,:_. so:.Y- duzdt have beei. foum c 1, 0u.c-

so-cl :.it. ..:ec. -XOLhell.

1'~e: ~ -c..d L. £0-dtiocC.. fo-re. 1~

f£0: rroxt.e u ý e Q'0 but,!~ *.~ It A'-- :~.!uc> lc.!e. on

LL(,LS! ::y, to It-, -eecc ztoz:2 bacai=._ of 1-.: hI.-:--bolIiw-o".

t-e "lac.-cued z 0-y o 1m. c~o~r

Z-aer-alitc I:- :T-ro o:1 * -:: oomn tu.. e ý

awi l: :Id. IC0 0, the prod-ant- bell.-r verwa .. CO..

uccordirb. to the e~zto~

C1C.,CL.+ Z.!T, 1 4,101 + 2C0 2

3oi I!::~ h:t a /upueoai Eo1.lCflor o±P r(XiiUm hzi Oi.ý-xiu fo0: "half X hour

decorr ococ -i 'V co:3rletecly.

Tr .- iifi ace u.ery ~tt to decom, osc Into caebuoi: te't:%chlorlde

ar-d cu.boon dioxide, 'v I rot. o::dc anu ciLLeCO.1 ilOco-rlpoSc/ it to

-v4hosueno,
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Somne prolimr~a~ry experimentc scern to indicate that in a sealod tube

at constant temperature-, the doconposition, of superpalite in rirczeerc

of ironi oxide doe: not run to ai. e,.d, even though the reve.-ce reaction

doe-. not take ý.lace. 114: ra-ises the que~tion whethe.- the vmermnaný-

really put a m~ixture of sup~erpall te and phosgere into thel I shell or

*.7hlether the cxtroraely variable concertrl..tioi. of phost,'ere ra~y b, due

to thc catalytic decom~osItion b.. the cteel ,h(.11. 2hie±c are no

experimnents as yet to sho;' .:h"at effeat. chlo:',- icrir hasc or ii de-

conipositior. L. the cani: ~te., ý.ve eai~ is deco~m oscd b-% the char-

coal to rhos;t nc, -.,h;ch ,, thern docomnpo-,ed by, raoi stu.'e. .Uptcrali te

is a-lso decomposed readfAly b,, soda-li=.ie

BromacetorfE, OII2BrCOCHz is. a .-:ater-clea-- licuid .hc tý,n.L

brao-'. or blac., or. stul<o;;t: churrin. '. it bo~i ;l.-, eo~

ps 'tier. :.t boiit 1260, alld 1c;1-( V,.rOL* IWCSSIIIC of~ thr cri'ie. -r

is 1.0 rw at 100 and 3.0 im./ at200 . It ic not quzite fivv l.c

as derse a., --L-. 2ThE dercltyr of tht* lie'uiu is, *,,Iven0. a l.G&'l C

-vra 1.6Z -At :X0. It cau,.es Lor~toA 0.C001. -k,, ý4.. liter

~.2 p~ati ) :hn iro a~i.to.oo.l0 .1;/ Jper liter .-hel

4.0E. oh! ý.'aeetont. (;4rtoi~ite) altiiouo;;'ý t'.4o (;i).Ao-etoiw-1 a oe

decorqjosed, I L I r- o3.as&d as a floti-perej utot t .O~~ttr o~

can adIvanceO - fw.? hourb after the shvll1ie,?. brosiawotont., att.ao--

cteel, ar.d most oLtltr :ewtals a;. mm~ts. be ured :'n %holl Unied ul..~t

lead. g.auss o: enamel.



Dromacetone ie oni;,. slightly soluble In water; but readily

miscible wiith alcohol an acetone. 2'races of water stabilize the

product Somewhat Lix~d addi tioi. of chlo;-acetore see=m to have the, same

effect* '21ier is sortie reacon to believce th-.~t thc instability- Is

due to theo re.,erce of sorne impuri ty, but It Is not laim-ni a'hat im-

purity has this effect. Both the charcoal .,nd the soda-line In

the canistere stoi, bromacelt-one.

The French have manufactured u mixtuee of abour, 80o brom.-

_.cotone :ýid 20,., chloraceto:Ie, -,*,Ac'A theyr call :.'artonitve. In order

to rrevent ~eloss of half the bromnle as hy~robr,)niic acid, th-ell

add a mi:ýture of -odlun. .,'hlo.ato a~dsulphuric acid to oxidize the

hydfobromic ucid. The reaction: 1c as folloý?s:

BCITICOCH~ 4 OBr + H250 4 * %Cl( r~ 4CHE2BrCGC-H3 + CII20CCOMH 4

IlTa!!SO 4 + H20

Brorrimt!v.L~ethylketonc*, I- a mixtiiro of CH.43r000 " boll-

ir4; i.t 15.6 and of CH3COCHBrC111 boilUiZ at 133 0 . It Ic made by.

bror-inu~tin : mv-thyi et1K;'lc-to!Le, C.0% CXH 2 CH 3. I 1 at..r~a at O.0OO

l- e i ter (1.3 e p 1. jz a d i. r'-b-titt ted t ab:-o.:acoto: c sol 1.l

oil accouwt of sýO.-O:e of ieotonc. ..iell nmu t bo linee to 1.eve..t

cor.-osion.

X1:7L~ *bromid2e, 3 C6 H CBr, Is ý. Al xt-art of Wh. ortho,

mets-:, j,1,1..,tra:L oonound.:, aid boik1: at aboiat -"1:0. It 1"lah :-._te.'

at 0.002 /per liter 0,O^t; pep.m.) .u-ý is ol~ciat a ptrc~et~ert

laohrymaýore lr~cý ch 11 must 4. used. A.1, th.., h.r aa the
4,

soda-lime stor':;l brov~ddee &vhe mixturt' or t.,u tials yleoL

'Ioh i ordivari 1I- called z.;'lur-.-, It hoat~ed, oe! oaed to uu'l.li.ht,

wAn treated -:. th sromiIno. Under thous cortdi tion: th-i brordro vub-



stitutes in the methyl side-chain z.nd not in the benzene rinG. Care

must be taken not to carry the brorination too far, xc th dibrozidde,

Is of no value. Xyiyl brorzmido Is sometimcez called tolyl broldc

beea-ise the bromine substitation corq~ound of toluenie iz called

benzyl bromide*

Mtustard Gas, so-called, (CH 01CH~,, melts at 14.20, ;vheL

very ruwe, to a colorless, oily lioulad --*ich boils at 21170 at 750

mmn. T2he name ',':as ;-ive2. to it b-.,, the British sold~e.r ?.a,6 1c ar

unfortunate one because the compound has noth.in -to do uith 'at the

chemist calls mustard oil. Tie vapor Is a little less than s1x

times as dense av alir.'.'he --rro- ).-cscurc of a sample melti~n- .t

13.80 was about 40 mn/ at 1400, 30 ?-T at 1200 - l"'VP, 20 M~/ at ll1.0

and 12 Mm/ at 970. S ome Bri tic~.- da6ta are 44 mrr/ at 1200 - 1.32' -nd

10 mlat'1090. The density of the liq~uid reforreC. to .-.atcr at 00

is 1.27)0 at 150, 1.2686 at U 0, anu 1.25.84 at 050 ).v to the

lort: vapo.' x~rescuro the substailoo cwr. be USeL onl,, Iii shell wn Ir

very Persistont. Aw~ Gort=a. have ma:-e t~iei muct'ui.d gas Okoll

-.It a yellocv cross.

Thu. lethal concentraticn Is O.Cbr !E ~/ pr 2Ive.- 't7 pep.i:.).

-'ho liquid produces bu.rns which appeur 4 - 1-' ho~ic af ter e~z ox.,re

aný heal ver:;, clfy,,.ly. ý'.he v ~tror also cauces buý-rz but to truah lesC

cxtent. It Via.~st~ e:-vs, caucini; coziJunctivI tis 3iA temporar-l

blindness* Zho percentaC~o of deathr is rat!~r 1cF. -.,It, w~.tard aar.,

only about 5&,* but this ic -.o,, due to arzy lo: tox1cit:*.. It it bccan~e

the nwzibe: of a-zualtiez; due to bur?,: i; vor;, 1:.,e '%cmalr

ýilth. phoseent, ::h~ch does rot bu~r2. the s~dr, 1.- thorofo.-c nut Inr~toMer.
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Mustard gra,. is very sli~htly s !luble In *'7atcr, Ie~ie than

0.1ý I t Is freely soluble in alcohlol, ethier, chloroform, tetrachior-

ot',hane, chlorobenzens, and trioxy'methylene. It iL miscible in all

proportion., .,.Ith ligroin above 190 and ;ihkerorene above 215.60.

lut apressuwe of 760Ura 100 volumes of dichlorcthyl sul-hido dis,.olve~

182 volumes of' ethylene at 1LO and 100 volumes at 9 50 .t 80D nmstard

gas d~ssolves atbout 3, of d-ry hydrochloi-c ?ald. *.t room teirneratui-e

tit dissolvesc about orec peecernt of sulphur, 'to, Loluijlllvty, becordim;

about G,. -,t 1000 Dichloreth 0 ylsulphide Is hydrolyzed very slo.';ly

by cold w7ater d iuitc ra~ridly b- hot. -:ter to thiodilgl, ol, a'h

is harmlesr,

.C.>ClC!IhS 11.' (CHýH.nz{Cl) I's - 20FC1.

Sullhur dichloride r*.uctz raitidly ;:.'ith miustard g~.,formirnt;

the totrpachlorosulphide. It iL thic. roj:ert-,.':ic ma,1:es su1i-hur

dichloride such a valuable io(aý;ort in the laboratory for removini.-

mustard '2. he react~ion also ta...ecv place in ca.rboni tetrachlo.-Ace

solution arnd more slo-a.ly the more dilute the solution. !;odium sul-

phide colution rea±cts, form-nin; thie riox! comouid 3:(CH.,-CR 2).:S.

ChloramIine - ~(p-toluene sodiumi sul,,phochloe'amiuc) ard co1,h~orin-.ar-

'ý (p-toluene sodium Culpbihl 11ard le) re .Lct wioo~sy vth mur~tard

11as JEIfor-dn; -wel, oryeto.1tl, e owypowndL w~hic~i a.o not .11rritatIr4:*U)
Hydrocyaric oid, 1.10N, in a coo1Ae*los, mobile liquid bollirng

at 26.50. The var~or is sli-litly lore dense than a.v. Iht% toxic con-

Vcontrition for does Is about 0.08 lfA oito (30 'p .)but dot~,,s

as has boon statod, sare nxoortionn.lly SollsitIVO. to thi; gav.
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.here Isa o cumualative of feet and nei 2.her tlhu B3riti ch nor the Germans

have over used hydrocyut J c acid.* Thc French have used a mixture

called Vincow.lta; but ther6 seems to be no evidence ol its value.

Cyanogoen Chloride, Cý-ci, !.-, a colorless liquid, bolirx,;

at '4w~ 12.60 and sollidfyin!; at about -7."0 The vqior pressure

Is 44-4 mmi A. 00 and 682 m at PJ~n 100. 7h e densit,!: of theh vapior

Is only a little more thar double th'.t o4'i,*0: 21w denc.1Ity of t o

liould is 1.2;. at 00. It is a Good lash n'.ator 0105 rC//44 l1tcr)o-44

is hi hly to;Ldc, lo'.7 co:ncent -tionsý causinx; crm zit thc -hest a.nd

higher corncentra".ione. causin, -.,'niktomns sind~lar to those of hydrocyanic

acid. 1i11m hydrocyanic acid theee i-c no cunrralat-Av& effect. *2he tox-ic

conaentratlion for doss Is 0.210 m/liter (72 pep.m.); but do-e

are the most sensitivo to cyanocenl chloride of arny of thtan.as

';.her dry, cyarno~en chloride does not attack iror lead o.-

silver, but does at~t:cW: co'T.co. If moist ) 1t attackt all thrwse metals.

0:-ano*;er ohlo--ido goes tirarC',Ie the Gertwi ra-s*, very enidywichl i

thý, reason that the Illies hoped to uce i t or Ct. .ecsteorn 'ot

It Is stor,.-od by the ý,crican c-%arcoal but not for v.r loiw.

3rombeniz;lc,,a-nidu, 0 C1I~rCUrC, i: a colo-rless solid neltý',

at 2)Oe The or,-stals soon turk: YAink otir; two -, t~li-; it decotn u.-!t r

whichn does notC rococd f~ar hovc ."2c canou.rC!.d r-ro1lct -molt:

at 160 - 2.20 and tht cr;.'% tailc arrn -'.*:Lt1---c Or !)---Q -- :, oftc.-

;ith a ma.rked ý;recnich t Inat- The va':o.- ,resC zuc is ci~o. IC 0.-025

V tma-rii/ it 00 an 0*21" cc/ at 4100o -:he comi wc~ dOocaj.q-oz~o I1cf :c t'10

boiliný; p~oint is reac'.iod, evoi, 1,- a hli.;ý v~cum-a. zhe do-:.rlt.y. of ý.10

solid i a bout iar at 20
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Brornbonzyl cyanide is a ver,7 effective laohryznator. :.:ost

people can detect it at 0.021 arts -car milltion± a:d are lach~r.T.nated

at 0.04 partS per iaill~li., (0.00033 ra# i1ter).

The cominound Is insoluble In -.;ater, nxodera-i.ely coluble in

,cold aluohol, frooly coluble I,, hot, alcohol, =.d soluble 12. ether,

jolacial acetic. aid, c,,;boi. bisuiphide, w..,d btcLz:.erno. It Is hy.droly'zed

vury ~l-;yb- boiLil-: iaýor ano b.- ,o:d soiutiors of -Odiumn h.oxide,

A cold aln.oholu~ :olut~on of sodiuz., hyd.ozIde deoo.a! ose., It '-a~jdly,

fornmins- sodiurm bromaide. It i-: oxidized sio-i.. b., ,-~cru -ermu-neanate,

bleachin., owder, ch:-om.ic acid rnIxta..e, et2. 3iooyL 6rnide

.ittacks all metalE euzccpt le d rap16l:,' a:c doev ao,-.ode leA. it

viould -1,robao~ly huve to be loaded In er~azel.-llrcd or *;lass-lined c -ell.

The mi~grosiuLm And '.olil! c-,-ime.t. are satisf tctor:! it; ''ce.c~Of

brom'oe!..:yl cy.'~d .-I d'oos rot e.c mhistar- g~.1he c-i..roaLl

11'. th.- 7 mrc cnz stoins ItJ .mll; but he CJcrmrxi ch-ý-coal

N6411.5 mo be w f f-C ti Ve. 7

Ch.oraceto- hor~ne, %I!6HC0CO..Cl, Is a colo,-*c3, c:; ta iline

solitý, wemtln,- At 580 - 55 and bo~li' at " '-5- 2--0 The vfLpo.-

pressitre Is aboý ', 0.003 mi1 -LO. 00, O.Ml my t Zrf0 an, O.C * a

Z70. 'he deiawity of the colizi I, l.ZX4 at 0) xne 14,63 -.t E)O Zh

pure compouixi oaucu-, lacr:'.-x.l.on ii. the ru~Joolty of Ca.ý;ez it

0.00031 uNy/Al1ter (o.04L~ p.jp.m.), co ti&at tný caL.tai.ce 1:. 4bout.

*y.ilvulew',t o brou-onzyl :.-.4nide.
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Chioracetophenone Is insoluble in w'ater but solu~le Ii.,

alcohol, benzene, ather, az!d chlaq)pi-rino It Is coluble to the exten~t

of t~io percent in pure si iloon tetracliloride but Is insoluble in

oombercial silicon tetrachloride and titanium teteaohloride. It doe-.

not react witUh am.=Iwn1 nI trLte, trrInitrotoluene cr xnatol.Te

heated at 1000 for t,.-ezity-four hourL. It can be ucoci Ir. steel shell.

0ýhI1!aeae CUZCO2 ~ 5  is a colo:-lecs oil of extremely

penetrating, odor .'hc turn.- bra .n: in thie air v.ilth liberation of

iodine. It dThcoirjosec If bo~led Ir trhe oi.-. The v4:ur josc.Vze is

250 ur .i 1430 and 0.07 a/ a/t 300. ?The den,-It:. o:* the liriuld ir

1.8;;20 at 40o 1 2Ae toxic conco=*atlo!: fo- do_,s I-, about 1.6 .

per 1Ite-r; but th: etubstance 1C primarily a lachi-.;?ntor. .7ire poorlo

out of ten totted viere 1a'7~~t! o _,art: rer milion. )*I

tll- SCarvCi". tOf 10ilCun hit 110' Ao E:'ja' toi..Ct*t tan

for -a-p-,woo-tS. 'Ac -'ji 4l t~ii-- ajh t a tir.x .1~ ;!IQ

price of bromiine vzas verl- hiiic.* It Is -,:zde V, twratiný,; -,! alcohioli.-

col'itior. of~ othril br uoaet:%Le of ethx.!1 ciiloeawtate vi th -c diz;re

1vot.l3siUI1 Iodide.

Acrooiiz CU.,CH COH:, Is Li coloz-lEs3 liiul, L .p 2.jent

swell, bollný; a. bý'40. 'ý'o vaT~ivo I-only about 1.1. 1.1=: ac de-.e

as airs, $ii r Ic distinct dl camvant:vi:. It.i :I.- r 1:a ~~

m~tor, ore ratrt In a .hLndJrod tho~ijwA jail:: iz:clormbleo It Ie

aboaut as 9=1 ac phoc.,cr.o, ha~ovor, ar,4 'o';U;'C La.ause =4Iwd '

troublel, bo:Ild.:c alffsuctih. - th'- mtorw.- .Atoe It wiat not stow--o%. -ol1

dP ~~b -th'o eA.-l: lerun amA *4-C, 4gre.At VMS r -at oxi.votQj of thi'
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;,bile one cani ctabilize thc! compound in the labotatory fairLly a:ell,

It ic a very; difficult matter to do thif on a coaruercial ecale.

The eAench h-~ci used I t a li ttle In haiid --.doe f o! clea:-in', dute--

outz, because It ~rcnot nocectar'. to store the material; but it

aiould be a .,,,as*,e of' time, -?I th our nresont. kno.-ulecde, to send acro-

loin across the sea*

Arie .*AsI.,. is a colo.-less 4ýnd almoc. odo.-Iss i:iz,

boilizt, at -55 0* It ic lesc tiiu, three t!irie. w; dlew' at- air. ýIho

VW:voC frEsurec,, as d,ýter,.Aineu' by Faraday In 1845, are 8.A_ý atrnos;'herea

at 00 anid 13.2 atrmospherer. ý.. 15w.00. 21he doitsity-. of' the liqculd ic

glver br -1zýiter u,.( :,,rare as 1.47 at -100, 1.44 at 00, and 1.37 at

Lii~dd a .-Aiio does not iedder lit.-us. -1' z de o ,o c

fairly ra Illy in a!:. 1-1 a zealed ;l.cc t:b, It decoup-ozes irto

metallic :w-zerie and r:e;but thIr aharn.e aoesv not t:e!Ltce

q .'hov Vie tube cortainzc liouiud Lrslno. '.,;o deciam ocitior: scoric. t'.C:Ofo .0

v) b-, due to Vie a .tA,,tIZ aetion of thv %,.a~ls on ar. 1%' v.,*or.*

It ha-. not beer: uaod ir j= ~fae but. If the ..*.r 'had lasted, thie

.1ismh:hv IAV oroarnwtco *' A *iwri Ir c:'Urndors. :hero

hkivo 4-.-:ta:.C boor. xruvrc that the 3vi~winc -:ere Coirk- to u! a I L-i~

conise-tuo:.tly pj-otootio-n. iat It ha.! to be Curplicd. .e!Vxor

oharaoal nor soda-lino stop:- It. cutitvfactorily-- ;; It It 1: toppod 14.:

r-MA-l1me goranulca icpre ~r..tod -Ith sodium o, o lt. i.- ~r I

a.-ilt 1~ict .e- oluxbl.ý, anJ c not bu u~od.
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AthenlelorIorineg (COW~218C1, Is. a -olid

meltize at aibout 40 and boilinxe at about ~330 0 7iio. v .v~or rs

sip i s 25 =l at 330 nd 7 zMM at i8O0 * Mhe Ccnelty of the varor

is about nine tizms that of air. The don-city of the or-rst .lc is

1.23 .t 5g0 I i ucod In ~hellIin r~rec..nae of Moll c.j.plosvo

hich ace.tter,- it as a vex- fine -.o',,dor or , zDke In the LAr. 'ril

Ge rmaw marle d thes', lixells 'itn a blue orosc. 2he 1eth-,l concentri-

tion 1c. about0.1 Oe mg1er liter but the .ust-maco iC ucod clicfly to

cauce snee Ing and thur- -o force eemovil of the 4n .. ii1 of ten

^Xl ed "sneo: e g s"It c:.1 n be dotocted it on:e ,,art In ahundeed msillion,

I-rodu.ces fltsAlir:lt:ýtlon at one pt.rt in fifty million, =nd In intoler-

able at one ra;ýt In a~ ni'Llimg at_.ckcirk the eyes as -all .,.c the res-ira-

tory tr .ct. It .-ar first. wed by the Ge:-..:ans in July 1917. It is not

soluble in :a-ter or *izuonia but Is vdadily -cluble in ..lcohol, ether

or benzene. It i-. 1K.rirol1:'zed by -:--.ter tc (C6 I,)o'.CAt _4nd is o..Idls-ed

by concentr-ted ni t:-Ic acid to ij-hcnyl :.r.-enic _-id. O hlor inc ..'etroys

th'c Irritaitine effect of di-hceny1ehlor~i:%ine, rrob bly Cue to ror'mtlon

Of (1G%).,lcC1~l or 06%5 )2 ý%sOCl, 1%hough it Is, pos-Able th.,.t thc chlorine

cith r o;~seos ýho ilo r.ton of the _,mokce or C:iuras It to be . ov-pv

bY, the cwui.-teor.~ o~ has no ruah effect but ~hot~gne corttln!ng

one y'eroent of chlorine dooe, imd It i-. s-t.od th..t .~ ~rxrw inare tee In

the opiacity of ;,he cbud Is noticed*

Aho wvkpor of oiphonyl ohlor;&rcine Ic sto~j-ed bj a.aol but

the ruspnaded .ubct~.xoo p;&r..eo tba'ow;h e1'th-.r uz eolil.: or li--uP, -Mda

=tt be stopred b7 si-eIan. p~mr filturr or other-Ilce,



Phlcn rldichlorarsino, %HR5 ,'sCl, ic a highly refractive liouid

boilimt;-- 6*Z;-'0 - -;550* "1we vapor 'pusvr ic Z7 -tt 1420'. Thp Cub-

stance blisters th-- skin much more raiý.dly than mustatrd guas. burn up

to four days ola ý..~ould be Judged 3 - 4 time-- as ux'tensive as aw mutzrd

gsburn of tho s~ime ýe andh eeiually as s-evere. The burns- heal more

r~;'lythan those from mustard gas, r'o that the usefulness of thic

lini!id is not est-iblished. AGV,ý yiel-7 ca.n be obtained by heating tri-

-;henyl:-rcine 2-d :.rsenic chloride In t-alt-ble p-.oportions in an autoý-

clave at 2500 for 14 hours.
-4-

(06 H5).3 iE Lin ;2AsC13 =3(CCH5)As-0l 2 .

Ilethyl dichlorarsine, C1I,,'AsC12, is a colorles: liquid :ith

a pa.;erl~ul burning, odor. It bUoilrs at 131.50 anti haz a vapor p~ros-. iw

of about 2. ms at 00 and 19*" m at ~350. The vapor I-- bet-een fivo and

-i:, time- as .r:oas air. The dornIty of the ruio lhiqid Is Olven

b.-y .ihter atnd Byverc as 1.073 at 00 mid 1.81 at V-50* The toxic con-
-AlAt

cerntr:;tion for io~t;- Is 0.-0 ng/lItor (78 p.p.m.) The Cubo'.a~nce beCin.-

to irrit LtC 11the 2noZe it a concentration o-1 .tbout l.Z p~art:s rer million.

.LC a iicruld 2 methyl1 dichlor-rsine i-- le-.s irritant to the cldn tban

phen.-l dIchloraircine, but tho vijioz is. muh more irritatine o*.!:in- to the

hiithor conccr~tr-tions, "tairnable. '.he adv.;ait-ige -.-hich thics substa4nce

ma:;- ha.vtc over mustazrd gas is that thore rmay be a large number of

casualtiesc due to vaor burns. It also Coes tl=oug-h clothinj.- more

r.:l thin muctard -Is*



In alidition to the toxic gases, cever.A :ubstxrces- hi.vc

been. used as irelt~ait or eonceaaliný emokee.

P~hos ,horuc is prep.a.rcd lu.,: Ine--in, rho-._,hate roclc Arth cand

c ~oc In -ai electric fur'nace.

^-13(?04)2 pi~u. 3 ý;.1 p.M1e 50 3 Ca-1O3 qJar W p0 w T.~

Phshorut- corne-: on 'he marlot cither uc -.hile (yelc..o.:) or

red phosphoruc. :ither gcorm burnzs to phiosvhoruzc pcnto--ciio -n, izs tlhen

converted to phosphoric ucid,

sO k LTO. .;20-""~Or t 61120 w 41173P04-

iAncc one pound of phocphorus t:zlcs up 1.Zbý' pound-.. of oxyfen

.nd 0.9 poundz of toit i:, not surprIsinC thz.t pho:sphoruzs Inn -_c

best --moke producer prc pound--of nmtnrl.1. In %duit-ion to it.- u:o .,r

a, rmoke producer, it i. uzed in inccnCdiaýry -hall ý_-= for ý,o .tin- zr cee

bullctt.. .:or irct.,mdiazry shell the n.'_1,ish uze .i. very fine !owucr or

red phosphorun. mixed -lth t-.-;n9 its L:ci,,,ht of hit:C p.hO--yhoru_-. Orl-

mentc in this uount±'y indicuLte th-.t .-better procedure is zo use con-

gloner.-to of lumrsc of eed 'rhosphorur, enboddou. In !hite p.hosp 1xo_-u,. be-

c~ause thi- '.adxture burnt, less rapidly.

"Ain tetrachloride, ýi~j is a liquild mado b.: treatiziý t~ii
.:ith chlorine. It bolils at 114, x'.d fumesr.oiti ecuet

hy!drolyzes to staw.nic lx.ydroxide.

linCl 4 p~w.42 = C&n (C)4 l 4 lidl.

It makes a better vand more irri tatinC smolke for chell and hard ;edo

thwna:et~her silicon tetrachloride or titanium tetrac~tlonlde. It j~oesi

throulSh tae charcoal and the soda-line; but is ntoppei by the 1:1yo



o-f cotton wool In tho canister. ~ince there L~: ractically -no tiin

produced in thic cou-ntry, Sil~icon totrachlo-,ide wid titaniu.Lx; tetruL-

chloz-!de hav-: beeý dovolorycd a., zub.t~tlttes.

"Zilioor. to~cl~e ji" 4 , ic made froim siicoi. or from

impure silicon c.a.rbidf~b,7 ho_-tink v.ith chloi'it., in an (Acetric furinace

It L. a co'orloca lio,,,id, boilinW- aboat .58 an:d fzmimj In

rnoIst air o-:!11n tohd~oc:

P, I,. no', xriucl, ,ooA] in ol7l bul. h, bo-,cor or n o. f. cool

da",'S thai: 01-. *:r:.- irane.: * A. uzioni% c-ilinde.. ýýn %i :A11cO. tctr,.ý

chlo-ride cyli2Idu, :ih ii&o:on u l woxicP az 1%-q. Qtiý _L ive a

2hiz is used In thc. -av. tr :'ý,Q V~ tcct voez&C1 fro.-.i:z*,

fu.t:.. addi:- hc'_to to si icvi ý er~h~:d :c -;Ct a

itride, !-- fo:.!d A i,ý 11, o hc th. O~qooztlol."i~o .1 4

tho atctli l on01 eo~ztji !.Li_,: vaýxr fro.,. *tV:c to the caJrbido -C 1. c

t'iozo rvodtots ire lie tcd -.41 th u!,J wi-v, ti t..niu?.;, tat :-1cd I

f o;-iC d. Y I . a colo:.Ic ,!:- stro-- ,of r,.1,tirý 11 1- ich boli

:.t abotit 13630, 1 - Ct lbJ1 1r V3r al* r,' 1 x 'l.cr MI: n1 t :2:. V



said that the addition of 'vt to form ~i T C1iC 5H0[ivet a tood mioke

and th.ut thc, hydi*olysi r to 21`01111)4 le o rr ~ i

tetrachoriova i,: poorer than' tir. tctr-ýcfilýýdc ýind sIl1Icox. totruchi.o~i~d

In hand ý,r-adc-.. in thQ snolc( fume2~l i t i V be', tor' thun tin ' -t not

so r'OO0a Lvilicot. .,inuc i; CO;C roý- thin; silicon tot -achiceju~c,

it 1.7ouid r:~)~be uced oni.-;, i~i ca,,e -1 oi' r ý"ýI



In Fcebru-.r: o 1917, vr.;.r cutwoui, tisu Un~itetd ~.tt a

Gxrunay t~e,:-cd i±cr h o -:sj; Dircý:tor cf tjin j~1jura of V"Ir Y.n.

~i.!2rdi ,c..~i. z.u; tu.-.tivr. of zho -- ~r u~t.~.tto tu~lt.y~::

t..xl~ill tzx rbureauv for tiic -,tu -y oa f oi -oncu: ii

SOffeC..'- ZI~U f"Ulitict 01 .i.t: r:u,.t-uu to tti.t urDo..Lt:.4 ior
~;rk on r'oit-orous i:-f z f.i~ : ~flOtI ~~tI~ L-etWOcl rop-

~~ r~-- ~ 13ri,-, ::it~r .3renc.ul K~uhn aw; U.Ljor L. P. ~i~i:~or.

At ii: G~urq.A~ ~. ~ Dal rtmrnt LCCO~t td 81itsill-i:ixtii..d1V r.I~t ofAur

0., ;U1tv"au 0. J4..L a.- 1,;reol to bupj.o:t Lzaie .;r inL~i'y poutibi1Q.

M~r. Gjo.-t '.. urvul, -xan -u--,c,~.e,! to .:.ihonill .+jril ky

!1,-. l±nniLn-.; au. pltaceit in z&.xru of ui~ii ..ork imich wao cJijoax .iti tau

fUL-L Of 16.11 ;U.'ULU Of ArAL' U.A1i J uly 1, 11,..ftUl 'r.jA i'L.z1.d't IulAu

At L trlmt rneetln,; c:±lluci ',y :1c Ja± 1 i a .cr L# z tidacz;1

-tolutior& ol -ýo-~io r ofu.ie ticrur wer ea

1%~ ljt.A. ii. "L.man2, ;l .jrVCtoCr, -JUrL,'LU Of 1Jis0
Uir. Goo. G. itice, Chiuf Mi~rnin !~L;iii .wur, buru.wu of Mino
Ur. J.,,j.Puu1, M~iain,~.~.hixer -uvo.au of Ilinogn

burtglUU Of Willi.'1
Dr. Yancelej icondorriozn, conuwutilný F-hyciolo-:birt, iurL--aU of :.ince
Prof. W. -". (ibal'oulcs i*l..~, u~~ oU'U- ~IL.00

B .~ urrulJ..

In ap -il the follovin:; co-r.'4ttoe. oil grou uuod in vt-)rfatro VrIL-

loom-.;d the 1uztioin1 hteaaercii Council* fof,,tjle iul'pof' or -coop oratin.- with

ta. 3urfsu or :n*Inef;

.1............



Jol. i4% ~i. 11"u -, Ofi-ro Oednateto, . o.Aie

~-. '.T.bogart, Pro ~Ttsator o,'r>.. u:~i, ~ Uv~t
a.-.~~~~~~~~u;,u o.±A L.ýburCi;i, .. ~Ua Au -ivtry, ULu~ .t

mnait o ; A,;ricuiturit.

f~vi ACz..AE3 14..t;k týt3 CC:.I:1.ttWU .tAP 1'-f~d Owuill to0 L~iu

Uvh. Vc'.sl. ji. UAt..ii, .1t; .1.: ,uli&U of ie

~Loi;-.z.~iikre xa- o.o .i L~:~.: rci~ ~inn~t

0L . ~ C ;, 1a ý zUCCUU .u ý.w.i.sL *iI-- J..J 1

Of A.-g;i~culturo.

df ic e

.,T) t -i-~ J.vr V;. PAUl o-.~ r:~~, .W';

Frao m n~:- zi~-: 4- jd be-. ;:,l~!.~li~ of %mu .1-C. ':Ors im, e3~d

c t* It iZ f -£ t ;.: .A !:I.. ic:.t i.njOIt -,t 4.. ..j-j..j IC

-ile:!-V-Aow meai . p .vtt o-* tii. vi--."k, !-ui.,j j ' c.Le lud , o -L 'U

-o T~tau of !Linvet J~Ior'toi'y ut Pitfuur. Oi - o f tsxu 'i r t iuid aied

to UrP. '-ur.ellj~e ot;4ff wuv ?nmdlity 1Duwpey niNl3. Lz~eil c:atýMi 1 rot' 'Ali, .

1-1,411.t) conmp;.vly -A IFitt ubus'..)i. It MWg tiooir; .iocraod ndiv.,ýbh, to



*,i iX~~ I -.u.f... Lt'i~ U .I ~ .a--* fro;- eit:.." C''- z .dt' .L t

i1 appUrtO.;"..k.eo, UV~ ~. Burrell rtsmL.::u li, 64.t 0o. -d! ttue rv- c

v o:'.. at L-ia rcl St. :f f rw ~ .. i 1ly i., t .i;f .'-J.ei. .. t 1 hO t ýo v o .-v

ere .... i e1_..i it, . 'a:I : r. or .:.. .uy o t I~ ;1-.ce. .7X~t

.~1( :.0..¶J~l~...:, *;l~i~vI1d, Oido; t-w !.-ors2vt TPro~u.!ui : L.to ~Locy,

Co. t~ 1 ~~.o~.aretL I.vttut o 7uioo.y, 1.ij~i C ; )u t1

--; 1" e Cop i",P tt .'jU1,1,FL. lv U-;" -*

IC01111L; tOUwiof List) of toxic

i -,U tot1. 1-it-a.i~J~f SeUtio -11 111 OrrLcO Pulr.iqr o.' 191 m44timxi-

(after Irdle LA.~~n1 ~ .tl 'rguao in cht.Arle. U-inu.'. JlO 11? :oer

CrzirtoelCifo n Section of eprta1oit Orln"Irovu De awL ntir pro-

postition, submittcid "hy Catpttdn hugadnlo, of buil .ing 4 ')Uit.Lble plant for

AM 14ti; choll 71 ita toxic

3.



I-ceg:;Jr.- ucxvi.in.;1y .iA y cub tiiiJ or' :-ne~tcz .a ~Ai 1Lucc

t~cc4.. -.... J0m:-.;e:.ý1.UQ t _11tUty Lt, 1:L. CtA, tilth l.; L .. ' :.io tU

It r !~fitu i ~~t iziE tjl(: re CCl~ tioaul 1c;* tILL. O .iu~- iii.~..dt!

lxitik itir~ out 191? ro for*o*.c-r it. i'ct :r z~Ao -Jid-

Colnc1 o ti .(. 191~'ic.7o e. *!hUc~.L Acid ion 'Loon

S tuj.e '"udt -. ryi 01.PL t duli ero 0-- t dri, ." ~ 114cv J.~ e. . -jdl tci r

It 7tur r.-. on ti'Oun *totwtr iwiie ti; f-rc.L k.ctint ik, 191,; A.ix. *ialiC

~CA.*'l-c.I rii:N.~i (:ai un..r. £tiulb Led' htq.rmu; "A o ! tirc JýtLLIx 1.ut : tow

P tucoIn .o:.ud q.rirt of1 19~'ic17 Pof(-r -or'i o.t"uUjudV.t~

U.~~7 U::CL c Iz;V t..4 .1 cl .u of %jtt u±'n~ tiu 4Uý4.tiox ~ ztl .oeo -v ith

4,4



ojt of Un.. Unit -CI;-t L!.b.c ujd! - j lt,± u ex2IoCe Q f tju ~v.

in . c eL la: ir- j vicr.-. -uiL

W;. Cw~ ;-Co 3c ic !j7 0;n o ii. 1: k 'u d 0i .I

-ic, ~ L.: 3eeit 1917,~T~~td ~ .~ u:utu';: ., 97

-uo:'it,t .eit tru in lit: I~ d i o s r -Ji, hn 21, 197 a

d~o c; ~ 1C . 1 t tt ji 2 ti...'t -".LE- COVtduf Ux(ia out .1Ji-nted



Ot~Ctji~ un~r o.~ tileI 1)rector of ~c::cr'Iicep:l rnu~ ~~~r

dir~tlei- to t~iu Chiuf of stLaff uiu n 'zc rlloul, Jnave 41 U-1 .,nf

.Ls- -nt irector of ;ueo Fervi~c in the O.-I'nance .,jeprt:.'Ifit in in.it

chi-.r-gt of t~it! productiona of "Eic~n projeýtila*- iz,.t ot.icr upe~v' -

p..z t~.: ~ :. tt~r~ctor of -C.&VitO in c11-47se of tilez~~i -

!%--tor.. Tns --.u--!= of "inarc~lijctudto t~if .1. Mttiu orl.

t:i-t .ruj-ttŽ? !lt;.bility for rur-o..cii co~uld be otAt..iiiod ui'.~er civilian

c~3''d4 by !aiu Secrut ,.-y of .;:ir; L-u4 oI O~tober. 16+A, 197.._3 ~tryo

i;r LA tsio ri ze-i t L. ect-*i *iJieiUit of & 111wv 11*uj L.:.n ci ~ i i -ci r 0o

ýý.,,Li~uurs not -.o'o;- L, t.* :~r.. o . colori-a., ..ad r~ccGL1ý.iunaioc talu (ri)I* of

inercii~ould be q.,pointod Ldructor cfi~ :;r"CVi.;U ;aid or..urtud to rurorL

to L,;i C;niuf of I-tL;ff for 1Wty *qo..t uW4AV to Atvu OI.c O~~l'rliwo

C. 2icor no~t u.,ove -t~ rA.i.Ž of !Nut e;-aut '2;olozrt.1, rL-;- -riiuza.ed bhy -ti lisjuf

of Or~.-.u one "'eciicul1 Cfiicor niot Lý.tove tA.e Cank of liuutu~nat jolonel,

r~o-ic.to by tuo furucgz 'Jux.eurLl, aiii. ort of icur o1 Wic Cnornic-l -1"Urvice

'ovtio:,. of the 1U:±tioA~al *%my recommrei%.iod by Utio Dii-vetor r f Gu'.: ',rvico.

7here l' Uta~ori:!.ed -. i raisingj ut,," ý~~~i. ;,y 'iolunt. ry cf:t.ator

dr-ft of a izLunircal -rIuo Zcfioii c tue 1--tio:i- wrivWt;, tau follo..ini;

Comezti £ ionod.:
2Tiu~na caolonclb

4 maLjors
6 capt-.Azio

10 firut liteutun ti.te
25 seuond lieutozi-i~to
47 total vcaI.x.L0~i~d

l0 e;:±~e1A1iLzj, let Claso
15 ouri~suato
20 corporA.l
5 pri vat ev, lnt clam , and rrivutoe.



01, i-.ovemLr 1mt, 1917, twiuru vzav crus.r tzsi ts'so firet .iit.t e

uniit~ of tiiv ai-;ic-i eurvize in tiiv Uizmd .'t-te villic.ikO1 l:.do .Liu

attucl, 0f '.eiEiau t..e fA-r,.t rt~o,;L-dtioii of csiurni:.try ati a vul .t

ur-iz.cis Of Ltt:~ ±iittry ~ervice ii, -zix couu~try oi, .ýiy war. ý;oloiiel Cki:Lea L,

Fottcr~ of t~io vn-&6ur ýA~pj-.olnted -,Arc~ctor or t~a Servica "n Prof.

.h. i. j'alker of tAAue llt chue ot i Insztitutu of Tec..rolo,-r, whe had been for

a z:io.-t tim~e jýn ch.;re of tue Holium Proeui.-tion of Lilt- ý7uruaU of T.aile,

co-mirixoti Lieutun-:it Coloncl. :4.rd -q.-d at, eirtunt Air,.tor of :;L a.,it

a-rd LAief of trio Caieiricul Serviau ýtjction. Major S. J. ML. 1 ~uld, L1-.l

.~viser to tzite il U - 'L .z ror. a~n Cav t-dn 1.1. .. u~hey acted ar.,i~11

o i~e~.for off'un-L3 undu pu*ca roblons.

On o 1 t 2'6V&, 1917, General r&0L'L~2i1J,_ h1itL .;A~bled:

"Saxid at ocne ~i~i.laul~czutcey Co,_- t4 U ;itil

oquipau :.-tu. pt -. o-.iz-, i:I':3.un.;in phyz-4olo-i':. J.1 T un,;.-tho-
lo:i1 .1 ;.Cl ~ iL "or ihj .v.t..tia i
Fowderv. vrr nz-io Aefw 7.t-.d f~o r rtuyciolof-icel ciiof frili~;

.'u pc.1 r:ýonno.le1 r.o.. iz -urojiD. T:au bo .t o.Ly v t o L~
-u: J-iry to th#3 orne ii. tile Utuitd Otiten awLiii for loct.1

.41J jpowderro &ý( uLei 4U.0 the .. y i.a-ld I.y

i. ~ b~ 1-.;011 oi t1AC MAulloz./ l..tvti futer of Pit sbui-u;s w-Lt, uo.~-t

mivueioixoi Lituatuia±..t -.oloatei. to or,ýaiizo and Lako cii-1-go of Ul~u labor :to:ry

in rraixe -tnd Fro f. 'J. Ia. Lu'zit: o f : iL U..ivur.-i-ty cfd J~focnia "lid r.~.

"A-zr~r of e.no Mul.on I,4tituto wore com-inir-oied Llujoriv o"~ 14r. (tAti. 7dn

.if-Ce ,;cur"19 A o,rit ito labor .tory oquipmuzt~rt~ j ure:,i~a-'1 , U LeutwUJInt

C;o0 A B;ýCoglfailed for ý.arnce ath i ~rl utt?191

t en in tne Fruricl la.orýAoryv were in uni~orma~ b!7ja ;e'd

to ::L~.me oruniz~ition, thc, 'iiu-dcu-t1 S3orvica flection. A t hu .mouricun

Univcriuity Experimient at-Aion of theo Bureau of U.inutt, mort of tjib rno-xchok

61



vnun .aere miiin.td iho~-e .. i10 were in unifor-m -were dis.tribut!)d among

tile Ordnance Dep..rtmant, trio Sunit.~ry Corpu, ti~c Corpe of vx;inot~r-.., the

1'i anal. CcrpL-, the i~vaiation Section, unfl the Chumica1. "orviev Secftion. It

Eeeemed .Yier to tr~w..Lfer all the CIeM~iLtV jiL uniform to tAr Chemai' d~

11er*.!:E: ý7t~etjou *rd~ Lo m~ .ke prov1iji tri At tat~. civili .n cmu':irt ktA be

-takun intc tne Chu i.e:.l Service Sectioti if thtuy eo X.'i~i .CO 1%.i fly

a requJE-t mv m-de for An on1~tr,,wmeit of thio Che-'.ical 'Serviua Sectiron Eio

th-.t the perý-annel ehould be *±n foilowt:.

Comivioned

Lieuten-unt '.cloriele 2

CLLv.t i1nn 3
Ar-ot Licutel'ointv 50

:-n i ý-,t t, d

..;erguantm, lot ciaeo 50
Sur~eLi~to75

Corpor-ile 100
U00

5'25

.1i Te-.±ontiul a utiioi-ized on 'e*.u-.u-ry l5I*, 1918.

In thiu m'uan.-rnile Colonel Potter hnad rotired fronm trio pbritior. of

?,ircecter 6f Gat- Survicc ai~d iuidd beo.. ruql-cod I1iy Lieuter...a~t Comriutidor t,. Li.

iktrkv, who reeij-ned !i-- commir.io;. ia tuuc :uvy ui-i .... ajIoli.totl civiliun

* jirý)ctcr of up -Service. 0OwinZ to ilL huulth UAr. 'ýý.rkf- did no .wtivu uork



-4.11 tzi.. lutic.-: of -. a of~ico Arei: to0 LI . oloi~1 '..ulkur until 1..!iCh

.ae '~s r.ý-1..:frred to lie Crdaiuz.co iDev -.-tmuint, mzdo a~ ~Colorul 4nd

-0A o ft I-m ell1 f i1j1in; plalkt -At ;;Le%..:oou, _.ryl-.nrd. To Pucceed

Lmtn ro.f. ~*I-. or f!z( i'e~ 2 '~ 1 ~ c~:-1 Li ~t:U.

:,olonel :..n- u!V OjAt. t.iC.tor of .ý uI.;u.11 d~uf of -0e

,ticI~t:'LC.;.tl O ý'LrU"-1 5, 1913, n;..rot :i. 4au.jAte

.or Los"* i~ -~il i Ueufl' . .:olonul i:0 -ýrt 1At~ . .. "i:tOf

... J c~ re 20

nr't ill 3

uC~ 1n;t 'A.4 L SL 80

.o rgeueatv.IZ 10
;orpor..lo 1701 i .i .1 f4 turf. c1.4ae 250
I Awtt-"ý 300

Tht.1 e..isu' ~920

'iwmical 'OPL ý;ne=icu -'e~rviv. `jectioii, bu iu.~dea u' beptC-- ori-4.ti,7ttio1L

or corpt- like ti~t Grdrxai;ýo or 'Ie-dcal &'o-purt-IuIti1 tjut tuIj z-10 ('.jria-.ro~vud.

ý;oD4.Lt jlu-.j .t±.l 'o.Lt.~u.:u o~ Lzuw colaro of talu anmoricur. %.;hcniz:Ll11'Yciety,

x~z~.:o j ~iJ.L;U- .h TJU.il UI- t~a% co.lon, focr tisL hat cordn of la wu:iitted

ra. '.t~of tsit colort, of tiw .i;Lrcu i z±d boun .,.orn nidta.rto.

A.tWtuu incroazting iuomajdb of .;.owar fi-o, ti~u dta!iguxr of L., o.--

cible chorta~;c. of :;ruciu.~tc cho-deitv coe-mod turcv.teiiod. Thor'iroru, Oil ?i.ay

8.



{ ~ ~ ~u 3. 9189 ;At tuv~ ura;ent rsejuett of Tue Co rAc4. :tr~ ~~'i ntu

idjut -xtA1ener:,1 ordered tua~t Ali nlhiitL*i mor, l5an were gr,.6cuute Uslemictc

ehculd be ascigned to duty where their fjpocild knowledge ;.nd tr.uinin2- cotull'

ba fully utilized .ýzd thaut they ziiouli not be t~ut ove o.-~O- ui.idtju txney

wbre -to be emp~loyed ot, c'ie-d.cýl iutiev. It VaLF a1vo oirl:u 7 rt ilauiiever

che'qite were needed by one of the Liurcaus or 1stuff CorpB7 requoutv i lnould be

Otdo of the Chiof of tile Onernicul Serviuc i-ection for raoiedto of men

iitih ~o qu-ýliric.-tioru- necev.1..ry for t±i.. p..rticuiL~r clunp of work in

quiletio.;. If mon nav'i."' ýoiz: ju_.i ficutuoivm . -4e*'a.tcd on.Ly for a

ox.oi't y-UrioU" of7 I. iauv WOUli be att ýc~iid ternpor-_rily to tile Bureau or

St Co~rp,, but wkiea the Jtuty wae of a pa@m-iient naturu i.-.truction* wouid

be iesued .overing tii.-r trai1.efer.tV',Ai~onevor the '~i tiltAL at tu.c~i or

trwwno.rrpd ,erc no I.on,-or needed for purely chu~mic._1 dutiac a± rou ort was

to be made to 'Lae Ciiuf of Lkie Ciiiic4_ S3ervi~u 1Luc:.ion ir. or,_.or taliýt tacsy

, ~i '"t L6 UJ.-Lj moed to cijaiu duticr 14 4ý
~~~ý k. Le.J2t...tt'ii

11ýd no~iio :011huction witai Gur %Vrle Tim ; 1.oqop directed t.-it; -_v

Oofe~iee Pco.4uctio.;,. Cffenzve Pro'u,;*vu;-, v~ .7. t'u11- tj of tau . ga; n

ep tri~it a= dvicretc .. rv _1 Oyt~i Voq~m. Tite ~

umd ilame troope foe'med tne 30th Aegi;,)O.t of _-n inuvrcv iv titt Aield Tr~in-

in, ýectiori of z.hu LUM t~it "o.ivo 7r 4.4n~, h-1d boon tr ii-. f~rrod I'. tile

!'..nit.ry ;orpt, to iuu 1.z.giaeurt olorpt.. i~waUL.,C~i work w-t. Lulu.-cr~e o.1

by "t,~ :Aarr~u of `I1i.4O, ~rsu&of Laae civilLi 1eT.'ie. of tno Intterior.

'o.&A% "4 ý :aemdioa Lerviqu Vluatlio 4-d Lotio& foamed pri..i-rily to ýýea

with ovutur c .. v rk. .. ~etit Ar,.;tor of :1ý9 CorAl .z ,v i *:j 1oAud to oo-

or~inato 411 tho ý_ctivtitiot, of tho v..-hut; dal.4rtau.t la_1iui itad



cnhni~aul warfare, no hud no uutnocity to control policy, r ucurch, or pro-

auction.

In order to i~rove tiioso conAtiono ?L-jor *.Ti;,era. L. I.. 1'burt,

a di-sbtinguisriod _i'ný;neer Officer who had uuilt Lkie kŽatun locki, of trio Panama

Caral an xn a ommanded the 4irct tAviEion in ir~nco, v~sappointed

Director of Gas 53ervice on 11aýy 110 1918, Lnd wasn intutructed to forimulu~te a

plan for better coordi-na~tion of thu vevf.rUal e~artmentfý cie~lin,-, :ith cgae

warf-are. on guy 20, 1913, General ~i-bort Petit to the Chief of 10tuff a

request for tsic following truiiofere:

1st: The Sae Defenee Ierviue of tlie 'edic&2. Departrflent.

2nd: Trio IEd~ewood 'ýrv~enal and. all orerat-iozia ttnure aud ol-uewviere
that concern the manuf icture of _ar -,.'arfare icatk~ri 4., and
the loading of shell witts gac matorial.

3rd: All provinr -round oporuticnr. tirit are coiic;ecetd with C' ,
wurf -.re.

4th: The -. nufacturt or ull cigziul ar. ularr, &uvicec for gas

vurf aro.

On July 13, I9lb, tA~4t tri..efbr --f tuo14riZtei aLl L;Lr.G.l Vibort

took ovtsr from the Ordnan~ce Delarttment tiu 4.uole staff o f r~u ov.o.ocd ..rvuoaal

under Cole .- dker, a:d froi1 thU CXllit-4rY GOrpu lt kýý. ;;1NS.4XULu:ervico under

ituut, Gole Dewey. Luter si ,av .i-tufen:ýu ra: .ý, uct ion .a4.d hu "as 'nd

Fnume Troops woare ..r,4:forro~d from 'Aau Ucrpe of to taiv ý;gemia.1

a ~ ~ ~ wrf-.ri L.arvicu. On July U19 19189 tac lo tic'1l Luc~ion of tilu kaL .fe-.

1*orvice waa tr.,Qnfarred fro:: t.& :..jit. r~y :;crp& to .;t:u Chcdc. .. rfw
Service, r-s-Anin. in o)hir:e of iLolonol ;J.* J. Lyet~er wto =as ,ivfsn ul
temporAry detail %under ;lOnor:U Uboort. This U4viation %."F A tit tau
nocoeme iuy ruit-a-roa. work ir, tkio modio4 field part-istinj; zo, rottacti*.u devicee
und to wa~r ;4seu aMw other toxic oubutaiacoo; inclucl" , p rol iiyl~ctic iu4

curative me-Asurou in con~ioction with the *xporau~e.-tiat;. prW...a
h..zv.I1in.; Of t..*-I; jU~O Wit.4 tahv iL-ecLOCU 0o taa) oC,;..Ati "CIe. for ; OtUCtioR
of a~loyeas a~ne.Let w.-r ý&ee:v ui-t other toxic ruoet:uiaos .4t plaaz.t 4 XdlinZ,
thave rubetancet, and the wAkin,; of itpj~ropritite rclortt. and roco-vz.tu.uationL
thereonl, vith a wiow to tievelopir to :i sat~ndardl.,I.iij; its; efft;ýA.-va byatoia."



On Junti 25% President Wileor. orderod th4t the hmerican

Univereity Experiment Station be tranoferred from the Bureau of Ainoe to

the War Department and placed under the Director of Gas Service. In

connection with this tran,,fe'r siecretary Baker wrote President Wilson as

follows:

4 4i

I

j
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June 25th, 191O,

My Jear Mr, Preeldont
-n connection with the propor-ed transfer of the cisetaic.l bectioe

-t American University from the Bureau of Mines to tne nuwly constituted
v.n1l consolidated Gas Service of the Wak Department, vi;ich you tre considering,

sm sP(&ciul]ly concerned to have you know h(w much the War Deprtrment
a~rreciates the splendid services which have been rendered to thi country
and to the Army by the Department of the Interior, and especi.O!y by the
Bureau of Mines under thu direction of Dr. Manning. In the early days of
preparation and oreanization, Dr. Manninges contact with scientific men
throuehout the country was indiesensably valuable. He was able to summon
from the universities and the technical laboratories of the country mon
of the highest quality and to inspire them with enti-tiriric zeal in
attacking new and diff!.lIt problemo which had to be solver w.,1+b 1 41 -

rr' a.-A. T do not see how the work could hive beer, better done than
he did it, and the preednt suggestion that the section now rase under the
direction and contrm! nf the W!-r Department Grows out of t-he fact that
the whole oubject of gas warfare has apvumad a fresh prensure and in-
tensity, ;T.' the director of it must have the wider4 control ro as to be
ablc to use the resources at his command in the most effective way possible.
The proposal dose not involve the disruption of the finb groupo of
scientific men Dr. MPanninZ hvs brcuh•t together, but merely their transfer
to General Sibort'e direction.

Recectfully ý-cur

Lewton D. Baker.

The President.

Upon receipt of this letter President Vi7ilsor. wrote at follows

to Director Marning in recognition of hit services and thut of the hi:ea

under him:

'' HI"M:11018 26 Jur~es i~ie.
'Wachingtor.

My dear Dr. Manning:

I hr'o 1,'"d .cfcre me for some da-e thc quoeticn presen*ed by
the Secretary of War involving the transfer of the chemictl section
eetat.lished by you at the American University from the Eureutu of Minie to
tthe newly organized Divipion of Gas Warfare in '-hWh the War Dep.krtment is
new concentra•ting &al +he ruriouc ft- fliior for c?!reive and defenpive
pae oocreticn. I an Er.tirfied that a more offieitvnt orini:,tion e-n he
effected by having these vurioue activities under one direction and -cn-
trtol, and my hesitation about acting in tne matter has growr. only cut of
a reluctance to take way from the Burecu of Mince a pieco o0! "c-, ""h•ch
thus far it hac vo effectively perfornbe. The Secrettry of War hue as-
cured me of hio own recognition of the splendid work you have been able to
do, and I am takifn the liberty of enclosing a letter which I have re-
solved from him, in order that you may see how fully the Wur Departmenat
reconises th4 v•'luc of the vervcon.

FL



I

I am to-day eiinin- tha order directing the trhnefer. 1 ant,
however, to express to you my oun qjreciation of the fine and helpful
piece of work which you have done, and to say thut thic rort o.f trjý work
by the bureaus outside of the direct var-making aorcy is one of the
cheering and gratifyine evidences of the vy our official forcee are in-
spired by the presence of a great national task,,

Cordially youre,

WOODROW WILSON.

Dr. Van, H. Ma"ning,
Ohief, Bureau oe Minees,
Department of the Interior.

In a memorandum to the Chief of Staff on July 5th, 1916,

General Sibert propoced to divide the activitiee of the Chemical Warfare

Service into an offic.e orgnz.zation coneseting of a Director, in Assistant

Director, a Technical Advisory Staff, a Liaison Service and -kn Adi'nir.ire-

tive Fureau with the followine divisions: Overeems'; PoRenrch; Development;

Proving; Car Defense Froduction; Gas Offen-e Production;and Gae ard flame

Troope. He requested the following personnel:

1 major general
2 brigadicr -eeerals

14 colonele

51 lieutenant colonele
"180 mijrzm
464 cartain*
857 let lieutenaný.

..: L2 rd lie~jt,ýnnrtc
2361 Total Commisicned

91 moter engineere, senior erkde
152 sastor engineers, junicr Crade

13 regimental sergentue major
24 regLmental euplly sergeuts
33 battalion sergeants major
35 battalion supply eerehnte

206 let sergawnts
363 sergeants, lot clas
86 uese sergeants

186 eupply eergeants
94? sergmanto
l9ll eCoporals

'3.



-140 bUglere
403 cook&

5067 pz'ivutds, first cluse

..0086§ privutue
20343 Total enlieted

At a consequonce of tnenew pervotinul Colonel Fries, who was in chyArge of

thie overseas OneSe rvice wgas made Brigadier General and Lt. Colonel he F,

Bacon of the Francs4 Labor ~tory was promoted to Colonel. Coloriel Walker

was placed in charge of the rew Gas Offenc~e 1lroduction 14.vicion; Lieut.

Colonel Dewey was promoted to Colonel and placed in c&..rge of the G.Le

Defense Production Divieion; Mr, Liurroll wao co.'wiiioned Colonel and p~laced

in churge of the Reve.rch Uvivion; Ur,., U, A.13orvey .*.s cot'.-r-ieioned a

Colonel and placed in charge of the Development Divition; Ct~ptain *., L.

bacon war muds a, Mujor (later\Lt. Colonel) and placed in cnuarge of the

Provin:g. aiv~ionim-iLsut. GolonUl Bo,;e~rt ,':Ls I roiotted to Golorel. In

Au.-ust 1918 Colonel Hi. :, tiewotonor -ar trawavforred irol! tiie L~inseer *.orps,

promotuci to .' riý,ttwier .undr.l anaL mde Lt-rieun~rt zructoc. Obilzzuzk

21kx* x* xxxsmm-lxxx~gxp-*xpitxxxpxnoxkxi~~nx Gmp tam

(altarzward Maijor) Lsohnvcn .*A actin.. caioaf ot' tsi. -r~inin,; .via-iou ýIurin-;

M.&jor dulton' s #Abstuou ia krruco. s~ftur &A. %olonol -* -. 9 Lawit.

coem ut~ck from Mr.Aice, he wztt jut in ct..rgo of .uw Truiain; '4viaion.

On GuneO-a 4Lcrt.e staff woru Colct~el 4.,y,-,r 'Lk*4 rul ruoe;-.tin,- the

Veiclej;rtaernt taad iu calrige of toiu '.'dicul Av~i.on, waile Lt. k~cl.

7. uuniiei ruprotoated the Orctnaae Lp.&rtiusit, unci Lt Gol. . J.9,

ihuld the Britiou Vilt. .-ry tu~srion. 'Urltl" 'olon'1I .ýuld'' I in

Z:..land, Vljor J..r~M. :wtote fcr aim,

Effective coot £iLailon of tu.e different Acti~'itiut wasg out~.nwcie

by weekly seetings of t..u rxAsctive 0s~ittee. cci.si~tia.,. orf~uo ;.riard

Sibert, ýrig~4ier Seneri euconor, Colouel Lyrttr, Lt. '01l. ihumm~l, Lt.

14.



44,

T.'he .helations 3ection, under Col. Bogert, swa to it that

men w.ho "'ore essential to chemical inductrioc vital to the .:,ar -'ere

kept at their posts because they "gould be of far greater value to

the country there than at the front and a transfer 'ould have cur-

tailed and delayed the output of munitions.. '.1hits ,oction alro

"arraned that a certain numboer of enlisted cheoists .were sent back

to the universitlee on Indefinite furlough to assist in teachin-.

n. Is -:.,as very ilm:ortat because the chedoal Etaff; 1of the co1e0,;Os

had been badly crippled by the demand foc chemirts. If the chemical

dePartments had h4d to give up iml-ortwrt jartt of theol. ": ork, there

*-ould havw' been no contin•ous supply of chernists and the Government

tould have been hardicapl.ed badly 7because the %' de~n;=dc for

ohericts, -'ore increasing rapidly. ,eter the ar-Idstie .'si.ged,

thil Zection acted fof a -.1hle as an eTlon.a.•.t bureau zeca:-iw

positious foi- che lct.e ho ha.d boan do.iobili;od arA dicha.-'od.



Colon-4 '.UIA, Col. ..utlk~ro .ýo1.- o~A ole Dtvioy, Colonel ý.urrtl1, Col,

Eoriroy, Ut-jor (after....ird Lta Col,) I3uccn, Land lleaf~rt.. Kohler ii&A Leydl:,

'iwzo -;ere in .:h xr;e or' Offenvte and Defeinte Ifroblurniv, L-. Sep.-tivu1y is. tilt

tio.a: in theL -ut-armn of 1915.

/To nea~t' -'j, o r ~ t .4i~l -T -:ii~ ry u3

. 2i~ ibroaid, bic lun-: 21'z: ~ Kc tAo.!jti~ 4 1913,

t 0 GO..A an, 11;air.o m~raiuw .i-. i~o or ttzd-.43d. :ýV ue-:1A f~ell-

* A

U, C-CLO.t ý- 1913, iz.1 j4- icuz.Lu ; iri ; O-ah.A -:a..iA~

"(-L) Un-u.r ".u o.-i.'V uou Lrý..i -Li , ct Of~ Con-

falU i I r t..Li -iw Of tilt Uuitud ~ttv'.qsvdA;le"
19171 -4c LkA .~tOf qA;o i -evE. 11;ap .crUý July' 9, 1918 (P~ub.

t~t:I i;'iu...& rt-,a tit *ý i~.,, ' uir1of' k~.1L mi-e

4 -.Vo 1.;ef ,m 4", ?. c w:. -Or.a fttu, .~ ip rie , - 0. o
vu cai ;it .-uv;~ i.,t a&utitori-ed Ly 7..blt;t' oi* (r

*n.1l ~ot~it f:

1 !Ljor Goncral 168 Mauctur *.;u.,fG
2 Eri!.%dui'r Gencurle 3'23 ML.stix Erni.ecrv, J.G.

12 Coloneols 34 '.ej-irnotal 'Ar.%-;,nt UltL'Ljor
65 Liout. Colonels 35 Re.Li-wiLtv.1 ý,uly ';at

275 Majors 41 Butt.-1,ion 1or;tnt 'jor
646 Cal t .inv 42 ILttL2jor4 rurpry F-t.: *'If

~ 'i: i.t~tt~i~ao156 lvt " 'tzw

3051 Tot-.l 01"Mni: '--LIoud 125 6.rU~~g

2 Stablu E'ersuan±ta
2074 btergeanit,

15.



4064 Oor o j7 .l

57 Cooke

1450 'ALozierv

1 Hoe.civro~o

6 & Z4 1 S'±v-tvujt lii. U1.ou

29090 ToWtd k. j.liit~c

"iuu; hLi JFrwuaderst rurtier Uiroct.. tio~t for tnzq;, Livi-ion -a-

h.14p I con o - may beu ..utkhorizo~d, ttmu:n: t wl 1;c fC.L'11, .1 i. rf:'.o

rcrilid L~y ts~ -Kibler of Grt~u..i7u.io~i "n A r or icl, 4 cow-
bcat di-irient- or Wjor friCtiOr. ' Lrcof tiarL ue i is&.l L gL GicL-.1
ikarfi..rtiarrorui.o1. at Ireavcibe%! ',y T.Lt cf O '.:Iic:., for

or n.jor fr_-tioi, tio-roof, insera li.Ul be CA.L -..rfz~rL

for ar. Arykac~t.

la.
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In the precediri; ciali-ter 11 1;. b Uuri 'Lj ra~ a. r

wo rk vio e Pt ~trtd ia th. 7wr#,au of M~under !Xr. V.'.n. il. *,f rwin-r ith

Mr. G, A, Burrell in immoi.utcit c±i~rge, _ivi Liit v~.riouo c~a,±,;uvz.' ook

from tivJu;l-ti'~ off ta~e Int,-iorx to ti.t. ., xr D)ui. t-ierito tw.i ci,-vt five

av(,'f k~ý 0oulttey; -~ut ia ',u ttvriotr -1917 Ltaitz .itfA-t~1 t±

Un~ivu.ý-iLy ti U i ,_ to .'. ~ 1. 6 A141. *.~ :tr ~ ;~~;.c

ionx~ 0±cm k-icn-. ii L- lc "l L ýA.

'.A~*-i* ~ irct,:of .,, Ur .. 0.

:1*. .0 r--i. li fu r v:t 0 A J4.'1

J.. or.r, P.1ý c'r,i x CCci&~ e
J i. 7e .e

r.& !Oi.. .C i-L 7v L;1 :*

0; 1 YAr,~ 2.vi t y .. o.:

('.aiO A'Atu jl.ivLurtity' ~ '~d

rya'L rti~ C,
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Brigs at Yale University under T. B. Johr.son, at Clark

University Under Co. ý. Rraue, at Worcetter Polytechnic Institute

under ,. h. Jennings, aad at Harvard University under :?oid Runt,

while the branch laboratory started at the University of Asconcln

had been transferred to the Iedical livisionof

Dr. Uailiken left the Institute of Technolog;" to becomc a

Major in the Chemical \,0arfare Sorvice with duties at Headquarte.Lc.

The Catholic University of '=erica placed a large portion

of its new chemical laboratory at the dielosal of the ::cdearch Divicion

and Columbia University provided facilitiez for E number of experiments

on a semi-large scale. hven after the transf--r to the Aimerican Univer-

sitF, the Pittsburgh laboratories of the Bureau of llineL were used

for investigati one.

In order to keep- in touch .-uith the country at large secretary

Lane appointed an advisory board aonsisting of "i. IT. t.icholr•/Chat.,man,

Z. C. Franklir., n. 1Iockins, C. _o Parýoiaý, Ira iemsen, T. • Uohards,

and F. P. Venable. 'Mir boarc was cort •nuod by General kAbert but

was never" called together by him.

At the ti• the armistice was sricnod, the orgxzizatior of the

Research Division ;tas at follouis:

Colonel G.1\. Burrell, Chief of Researoh 'ivicior
Dr. ... Z. Lewis, In ch~arge of Defente T-oblems
Dr. 3. ?. Kohler, In charge of Iffense Problems
Dr. :aid IMuAt, i.dvisor mo Phna-mcoloLic.l ;roblens
Lt. Col..,. ). Bancroft, In charge of Aditorial ork a;d atalytic

,esearch

-,to Col. 4. S. Lamb, In oQr4efence Chem•iol •eajrh
Dr. e;. Jones, In onrg#ffonie, Ghazrical .ecoaroh
Vajor . Co. Fieldner, In oharJlof Gas "sk ::osearch
Major G. 1, idiohter, In charge n " Pyroteohlo Recearoh
Dr. .1. i. Loevenhart, In charge iffhamaological :•.e•uerLh



!n.

Ilajor e. C. Tolman, In oharge of Dispersold Recearoh
Major li B. :ovzland, In charge of Small-Soale Laniif~xturing
Lajor e. B. Fogler, In charge of Uechanical Research & Development
Captain 0. A* ianlin, In charge of Explosives 2eaearoh
Major Richmond Levering, In charge of dmitristrative bection.

':2' 44PLA4K
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The okiicf functionei of tku itesevrcth Jividiof '-s'v:

1. To make and taut (conj~ouiidt widci ,m-y bo of v-luo in
w~rfuro, detexmiciinti thý; proport~iet- of thove v'ubaitýncov
aind trio cofditivric undur Jdchii tlwý uy'iy be ofiectivc in

0

3. To ~ievolop tliv luzrt netiiodi.h of utilizi~iig t1.utt corlpe I'ir.

4. To aevelop m=.wt'ik1i vasich tik"I..i or c-.:tx-oy the vi~ir
greeor, etudyitng [heir rropertief And detv,'zidng the conldi-
tione urldbr vnflcfl the~y ýuVy cO(I'OLL

5. To develop mto:s~cy~ thioc, of mkin- ~ucii ý.I vox-l ute,
etc. j,,: may veern prorm3int;n.

6. To do tne rem~e4'ci .-.ork in ;o~a.ectiou witi r~rukv, Q..niLtelr,

pr'otectLive, clctluir.;, etc.

7.To develop icni~iL -:noIt;, vi-i~i~lc, utL:.. .~ trio buutt

8. To co-ope.-to A..iA wt;1 n.;.ui.. .turiiii utvidicw iri ro -.Id to

9. To coop r-.tu 6itzi otitur c." tixiovrc ~ civil
~n-i mz4it-.ry, in Mý-.>rd Lo '.:ýr I m. irL

10. To zolle't ý.fl~l rn..ke ... iVuto --I.t: Urirctcr of ci~i:.
~tf. .u ccvc .11 inform~.ion in rvi: rt to tiio czt. .It try

of Lt,.t v.ýtrfLtrc.



In one rienaa tiic ro,'o Lrcni divicion ic, tiio moiot iur.ortaint of all1

bocauroe witiiout tnw ruzu ~rcli work nothin!; ;O.U. do Iol( T,. 1.Ijtjj ~Or A

it it, thu .lu .t iniport-uit ol - .i-u, it nevur .ýeliverr! .yL:&i1A11

tuni;ible. Ite rar-ult~i arti turnix ove~r to tti.1-roductioi aiiviLiorw U o/ih

actu.Lily a-~ke Lim ~ o i.~ ru ~i x~ Ur zi~t. .tix L,

curv botwvo#,n tno productic., di~vitiont oi Lliu .6:iy ,!IcA -. ii

divi.',ionu-. 111i sol2dier uci iiot fi ).L U 10L h i-r f).ý., Clot.'wd .i

xrmed Lo -- mie .;xt--,t; 'Out it i: tisj ::lio.t !,u fronst .. o L-.~ tle

-,(tu.%d lijiting, .,nd drivorc tx-o e-.ccry tbck.

cl~udoL rolijio, liquids, Ad uss It i.; only~ neeer t~aeEu

Vt. ý-ce rh:)ulli !.ve nur ficie~itly m:L-rkad on- ru:Atcc-L.tice to oit uineful in

Sgtr ;.-rf ire. It -a.;y lue poitonouti, like jszio;,tu~e; it -i y >p*o-lu--a Lu .g,.,

C'.ui~a vnouzi.,i;, like 'ti.y o 'ru;it 1i -us lSC ar-.ej liko ýauvt rd

Sit ma.y j1,1ve .4foul.-cl thcuj:h ots i-iceh.'Tlr likce li t'l

mo cc Lptrin; o r I. ~i-. 7j, 4 .ce LA, d :k 0 t 1- .i.ýl 0 r-a~cliv...~: ~ i:

pact)p4a run. cr ;ourtu iuva&-1 of -att;c z-roj~o;-i~t.i u u:tcin. rL

si v~s tubtv; lace. 70 bu of -%: -- -- Qe ; " 0. lt .-Iut,'. 41-W . 4.v.ii Of

taetvc 1 roltetiat to a mz.rkt-A :xU:.-'.. ~ ru ,x ow for t.ki~ty

~.~ct.:, tu ~o~ot~4us~ killt: it O.U j~r litur or ~~.'ci1

- . e~~r liter "Or phoo::ouo, 0.05 -,2-, ur iitor for ra1W...~~< i

j~ ~ ~ a ot.a r atordt ca '-9 vdaih ruqj-.iro ue~~~t A of 1.0 t .FLtrt .u

a do -; on 1,1 tuirty iinutuz e.,.roturu it otcqrctily A.rtli con: ilerii4 ,; -xt 'axi

4'r&3 utns)v it jaciL IOau otiavr utrikir1.; si-.r-.ctvUz'tto ,ut:ai .:Ou.iiaul*
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the ru...k rea.lily. !!ovt men are luchirym-ted 1.y 'Lroni.otornu at 0.0l3tmg per littur, by ;Vlyl brrmi~o at 0.002 w; pur litý.r, u y brorm1.-zy

cy-anide aLt 0.0003a ntug pur liter. *Aru,,st-;nce ..idiok reqjuiru.* .1Clcn

tr-Ation of 0.003 ma per liter to ctuure 1.,ciiry~vution %iould prou, o.ly uot re-

ceiv.o furtaer coneidor-tion.

uictho:r deotr-iinin,4-J .,,tor ii, ;.;o or 4ny i,;* r tiu ,,v al'-

;-.bility of r.Lw r; m-t~'i-ui. It. .ouli L-u ~aulei~cfe to conziciL.~r JioýAd.uu notDouncir

ne tox.ic .eE i~oc wue it ."oull Lv C~ bl o :,t tflnOu,,1 joAillo to

riuko u& v.Ulply Of' 41U.4~h WO3a~ CUit. Tau da ±t. kd Uve

otziyl ±iod.Acut..,.o for - !:,curi"Lutcr "t -iti-w -wiuz L~w ;xri;Ue oi wan

~..a vury ldi,ii; W.t loari-at.oi-t. ý,6t A-t aucis low;ur ;o;cuzti'.in nz.f

toxic ;.be .ndi ýra .;.!o uot u:.,4 ~o oftun. cur.-,- i: d re .-.ti~ p.oi-onu (ut

tile .v...l iuinnw su;,ý,,y in t~ie count.-y ;s'o~ .,ly outu uct excucd One

,;r~a Au thu u~nit Cor toxic 4 s inh tuola-v of -O'Lo.

o, '.*'i *-iut od o f riL.r~uf. !t ure t,.boul i bu it ii. r". If iso, ~ut,#. 1, -cc

ift' ood enou'.1u, it -.All. *00 2~tciS -ltlý .it/:wO .uver :.t-cful,

riýOWr !GCMaln M,10 erzi td murI.i.rd y t~k.v 6'~~,~i.&~ . .ut

thiiz itf Ant true hil )0t~ er'tv.'%, - ' iiet, ._oa13i f~C.. ly wtV UL0

hi'oo:n devalopod.; but, thu v.:tto of .ul!Ot W,& Mc to C'.- r-

a . ca t.u dirtilnct -1tdriti 0 4i,. *r~nqoua~

oututnrcaous~at I-: A ~l or ,-iy :t.-tl. If it 01-:-l rizot' too

r.Aidý, 4.,41 rolyvie Loc. r ira: o Lot, Li4. ~ r ~e4t*O to 1-1~u 0i

iatcndtior., it ai...lflt 4o utee ofectively. 'ýu or-L.. cir-t,-t..iccT

Acrol.iln paly ~ to . 4 idto to lu LA Iz aw Unitkoc C'. ~tit bu;u~ U

M611l Arg llkOiy *0 bQ 10ý-0 ini ýtkil ;ou6 *ry 3 - 6 *onta& Ab ~oa*. t-W X0
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firud. Our I imitc. .,. to Ltbi I i2ty zuint )olyn~ ri;,..tiou :r L ti~t,-uoriw

bt niora riý;Id~iun tzio0o 01L'- Wik,15itiLh aflgl. FWua;&A0 0-i UV L440ir

*Ateri..1, if flucoIeury, Jtif otao z.itroiw ea .ttor

of fuct tiia Froaci hý-ve uteud aý;roluia ini hbLrik, ;c.t: . it jl j,"t-

9iil1.o to bt~t~iiizo *icrolu11a unuA & ifll~i.~L~tt~ it !it a(Uut-

ful. vinutiir Liii. could be on1e F~tit f .criI .n I ~t-c.L:tartr.

:rl;cnil, tricn.ilo A - n~idirolyZoL ltco t( *PA krIv -- u IC i

ii,-iro-oao sul;'h~id ie co inf1:i -0-i tl It it it: to uL.f. in cloud

attaL-kvo aL'P tsw :F1~V ound to tiwir co-t. cuo~ ~i. Ionp~otf!t to

rome uzxtý.-nt -..hmn fired ir -. .)ll but a(A vzcu.-i to bo i-;.Aicav. Oil~ other

It -,"y be .:ortn :-.ilv to OutliAu 111ou

I-e' tu.,c AvlO L.yt. .tu~i~iioxl. The

S.u1I.e -:- ~uwtiuu -ai ,I~v _ý u.eti d '.Al%;Rtk~ J2i;

may 1 Iv& boCui tu; eE'tid 117rC)Ll OUtbiiO; Or~ t.1 ' Li M A.0it; Ii.l" l o, i

e. of t., ý gt ;o i.jirtoa

7n, OCket-eu xc .Lko%;-.L13ai %ýv taii- Lu~t 4-4C .;0 1. it it .. itoli.ý it it,

SU.16 to '..u U44tLpertcl ý-tct~iov. .,e c4'O~ -'ITL t it 0C~~.I

aut "A 166: t;iii 1 ;v, *601 `.OflwQ$, or :.t Ow tj '. tiJW Qomj.oualA It li~vi~i cz

irpr It U~ P~ont to tiiu~ 4oxi-.oio,,ic 1 ~L&: t:u or

j.csytv piC tr, ut%:. It tsw rujport it i..or. 1,;, Liaa. O'U& i: ttlbtl

turzed over to . ntwib#.r of 4fferemit tu-tivflu.

"'he Of enve :Iepo rch Sotction tclut 1c, i,:rove tiw I .. i.c.3evry

wtaoia of zmkakýne When taiC l.e hu Omst~ .Iwic 61 4 ly :,,it 1 p cto rily, tznu

C48~: 4. .1 roduaction *'action at ~rto .1.din: It oc a Irgt .14 fre. - Ifty
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poundi. to 4. toz 1 m3 tthe; cueo iq~.be* It tiai ,ý061 out~dLie t:~ ~w4c

DivIidoi bitiicr to the Devolo~rnont Division for firthar rntuuv or to the.

1-1 OffOnL.C! J~o1!dc &(vivon -or ma~nufacture on ,1;%rge .'.iiiile

the Oi'fenvie hiove ~rch 'ý(ctic~n ir v.-Oyi out 4n ou1 bc,'tr V, ,0 , 1

t-.(comr-ouR14 il~ mltt thout. Li 0 nA~ evm r uth1ocif fos

diote~rrinin: iLtv pu.:1t~y an, for .xktiyZi~nj,-1;JntUlrr.' ill 1-i "C -;.111 M.:

tonto to ceo ihetswvr tf- 'ni; ~ltLturf 41i1 tt07, U~e

T,11G tconpOUrd it .s ',IOL~ai LO Liu T'y1*tu;iA( L1t.cL1011Z W.10 `tuý.y

ito behw--iAor wnvon firid ill twoll.. If it ýle, tot co-,Voi.e too iu.r

.,iiert e~ton-ttud, L.Ltý c "A' i-L .t lu.Lt oy -LA.u 1 .'oVi~, ivi,-io, 11n Lo-

01' a~ ionl A.tli -the Fyro-ýoolmc C'c.andi i1L, ~o4 1~.~o to

lo -,rn '.he effI-ct ahi- E4A1 *..o- wd Lic c.,r.1ow.6~r lired from~

gunie oil Ulu runge z;itaz ..ýL iul1- -1%'.-ed L-ljt '...Lykil 01 lt X .'I Atw 1 ', ~

W-i e t ! rO l 1 ,,- D . ;:r i ý (X -ý "-- tJi.,i

comfou~d ir. not ý-topjei x'c-Ally, tmo-i, nr.-cL: tiz.dture or ý,ompo.4~ -ut'v

levolopcd to :-QC~t ti~k bUIq.sj t.Li.Cy. 7..it I't'. t~tt: it 4l.* **

~ ll ',I!c ..ork out rI, "kTh~& .

au coclt*' of t klon~~tu~ - c1t 0n 1, -.,attct -. in- t

Lrl~lchee of thukAU fa.0L or,;.dji:-tior.. If a ii.~ Law Iit;ri

i.ewt~tL ry, tzdL, ic roisrred tc tatoMkci 4Adca:iJ1 1j0,j-rcl -i'Ci w.'to .~ t y 1-ve

to Aevulop flks1 fi2.turt .O 'to .;mtuct u~~a~- tIkut- TiatU kUut ~ij: ill~

to prot-lultiva ijlotiiro.- ýkrv i.aid1od Li p.~rt by ti.i~t Ve-.1LQan. The r it ul

o1VA Lauid b~y the ,ioteaioo or ini: .t-a~ traii~itted to thu~ :ýefenee I'ro-



cu~ction Divi don wvsi ah huei ckht, o f Laozomma r0m.Iul p ro u ticr f .11

defenee materi4a.

to frect pro-ýu ,.ed, E-us cq.tibtlity of d ifferullt mell, i o o4 . eti ,

and inotiods of trettlng utei~ad caser. Atii munue.Ar' .-AL it ir ou.. Lnl~t

<a giAw Perc~ent of th e rioi tus~tel L.re extrutmoly r-ciaIitive :uld a wo

eret Ilienitive, tbhe !..u; urvertritive nu buuý, ro" 0z18

ruJ.timve. ;.f fon,.tivu cur tne inr'bnitivec aen. Inii iý,;- very imm

port.ýnt tevt to m~aku mc;:oe"Wn v.,ilc, :-.re oxi roc-Li.a tut uliUhu :.crr' , ti:1

ly cert. -ir. i~oc-t - .su-.jtiU` if -- tL TO . 'urn natrd.
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The first work of the Reso•arch Division consictod in dovoloping

the mask and thf; absorbents, because it aas absolutely ersential to pro-

teot the soldiers against the guses which the Gerruns were usigo. On

the other hand it Is rath'.r more interesting to start Tith the oflfense

side. In addition to stu.ring thp gases already In use by the Germans,

it was desired to develop better ones if possible. Ai a preliminarr

step this involved a search of the literaturo to see What -as lko-m in

regard to toxic gases. Professor BaVkervillo sent in an espeoiall:' lon

* list of comqrjounds that might be of use and others furnished similar in-

fomation* Professor E. Z. "Ieid organized the chonical laboratories

of the countr7 to a considerable extent, gett•,r the v,-riouc orUnic

chemists to prepare &znples of differert substanrces for toxicity tectt.

.fter the •,merican Universit. •kxperimenr htation cot. into ful sl ,

thi s ':o*or war taken over b- Dr. (af ter.-.rde Lt. '0ol.) I:orr-Isa

It •as of courre necessary to kno the toxicit:, of these

substances and method -.ierc :at ones developed for doing this. The

results .ere obt•dnod almott oxclutivel? at the -meric z•n :vorcity°

Sqerimsnt Utation by the tesearoh Division; but thic It purvly a eon-

so iuenoe of the wartioular orgaziza~.on Ad it Is there-lore 'Aser to

present this :ork undor the !:dioal Divisli, -rhoh It -::here it belongs

thOooetioall7, though not aotu"l7.

In the = r of 1917 the Cwwe ihich tho lmerici ;rM expacted

to ute on the octerun Frent were ahlorine, rhotsone, ohlm'picrin, h7ro-

oywlo Aid, bromostone, and x3qll bromidet dtth phosphoras 4d stannic

chloride as the smokes* it iaS also hoped to uzo aoc.ololn beoause it
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was not stopped readily by the German mask. A good deal of thought was

e1s- given to possible methods of producing high concentration of carbon

monoxide because no mask stopped that satisfactorily at that time.

-• iSuperlpallite wvas A* gas -:hl ch might be used, though that went ilito./

the discard early, because it was harder to make than phosgeoe and seemed

"to have no special advanta.ge. It was not till much later that the Allies

did covered that the toxic effect of superpalite Increaved enornously on

'lone exposures, it being, for instance, ruch less tcoxic to dogs than

hydrocyanic acid on a thlrty-rnnte exposure and more toxic if the exposure

lasts twb hours.

The use of mustard gas by the Germans in the sumn1e, of 1917

and of diphenylohlorarsine in the autumn changed the vi.:--point considerably

aid the possibility of using cyanogen chloride, cyanogen bromide, or arsine

made a great deal of research work necessary, while the development of

brombenzyl cyanide by the French and of chloracetophenone in this country

destroyed all interest in such lachlrymators as bromacetom> -and Krlyl

bromide.
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In tsie rtutu~m o f' LJ.'7 it u'v'iJ~e.; L44: tsio dliot; iu-t av1ko

muttir~ 1 ;-ir 1.,n2 r~ jLtLut e ~ . UU .c Iw~ Xb -1 IOi 0. ILiuiUf 0A~

bac-mre ~ uo.i. Victrr *,!eyer was t ~ i ýif n a Q,.Aridka.)out .aLiy by wwiat iv

nlow I'.jolva ;.1E, LL10 chloilv ri'i :ALut~lo_. 'Gidv i~ :zid c ~ t to ;ci ex-

taat to faoma iypo..zdorouis wid. :,n,. ii!Cdri 0cdc'ee~~t

rIyp o d~o -ou A ~.vil 'Ii ru ( d:tý it~ ~{'Clon tc t(' rrl (','1 0 * .

02,H4Ci= u Ck%2"].- ii i' ,

Chlrhyl:a ive riv't i+i. -;s:irnu-ipi. to Alorri tkJhio:5. yuoI .. c*'.

C1t3H Z'j 'tr~
.t £kic0H1H:d(S 2c2) 2)." Z

an*, .tiikt '.l(u procumt. iiL.vc2.vt rv ofd o: LVor~j'. ~ Ii: j V.

!'.Žd y thca ý~.-wr~ticf of n k .*u t r.* _.t k~y ;1.j :.~ .i~j

tko n ur p -t k. ~ o ~ ,& o.x 0. , i .

10 I 't*. n



tue lui-agr !m.- J 11 dl -h ir rnui t rii Le Tile ii C Yic~lt 13te1  ill it i- tile

iirunufacture of tnip ino :ii~.~ ~ ir'ci~c.3 ~cc itt ~~ Zy

JA 'ýIe-t t.;V; O(v :U;'i'Od to tý.u~q.. c V 1 ;.

Oi Lty 1-rge dcJu. -linui t-.Oy jl,( .CIwu wlýl'J. tock k~t

On I.;rtac rl.q ý'uý r' 1,1 iU'~itLr-

xt --ý f atiiwr1e'ýc !,ui up.li-~. A ý.d~ovi-.e

n~ V~y~o~ ti~ at 'le-I.Ie±)n I. L~i t -,A!-e in t~t -ut .xý 3 .~j

,~'he fjL'rt re .ction 1! k'' ., t 1- .*. ;~*t - .~J. .. .~L. Ily

~ rit Litot ".0xlce~ t ~ r t V1.~ 10:r i~~.r ~

' :fltcritfl, of purif".'

r- 0 ' I C

~jj~j '1-'i bQ r1t %

9A
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ly unil ,oirw~ ovt' 7 tc 1l dk, bi-,, 7k, U,,!.: 4. L, id : c. 1u cL -.. "0 kOLT 'iti .!=Ullt

of tnL'ý r roluct to :I. Minimum it i. uviO(eut ty :Aeif i e 'to i,.V I .. t ::it ut -

tion of ethltwjee av p~; nu: e~ri..I .~~ ..

2.!' ~ ~ ~ 1 cu-f.Vi tj2i w'~ b.ev: w u 11 A U., .1c, fc I U , :U3<j.' 1 u.Io,0

und nulr-hur,

r.2 12  X1tS

116J th t t. h .LItu .-1 rLý t. e-, 1 n ~ t .n ct- I tzr! u r 12.dor 1.k e, t !:D :o, t fnt r..

tiorl

.ý,- ki.-. iu -t nrj Fý uV t lit uI ~cc,3' it j. n t

0 dC ~O~ IJ~ :( e') 2. r~ e-r.,1 t OC ton

I k)(~~* .1o.. v t. .2!c I i.U..2. .

o f wto i: Ot tto uo Uj*-1. 4.,V 0. - ~ . ~ '.~3

-~~~~~ ! .w, Ic-c-r tri tu.'u., Tiw.~* ....- . ;e.i~~ .L~.***1

t a.,!, i * - .l+ w fruti t--.11 jaur itz ký t ýrtvtj 0. ily i", :oi i.oi- .3.~1 u jk.

rrc-u~t'i.~: :lo r I?;,l1o 1i .Lii Advii.~ Ov'z 1104 :sO1L ±..J

isi vi..-jctx~cvii *' itoiviu4 0.2 ;-rcunt ct' -,- L ll~ic 1.U-o. . -11.au

I 0c.oc10 r3 U. "nao Goet i.oi I ..lt (v.- c n i; .. -1.
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mixtur~s to 120 0for a few lcurt, un;; tiiev ClfU or by piving Li, little

The yield of mnuat.-rd ;Lot if. -JýiOut 85' of kiLt iooretic~ "I'Uut ClaJy

about 50%. of tliu tuitortjtiCLa ýmvUlt Of f ree LL LAlliFLou~l

It it . t iou 'ýi.t p vo lu.X le tn-.t tui .ic, ~ol-u t i c ior mtbi toV~L to i ~ u-)t c

2Ch 2 OlCki2 wCl W ( cncluki) 2

.110 !£zyIivlk m.~de ethylen~e by tile "' -.Olt Of collceli ' rted 1110t.aiiUxc

acid On l.COiIOl. 71iE AF tried~ out Ly t~o !- :.,zjtuiz

Laction Lut.is not foundU -c vati -, fctory "t.a 'iu zit .e.1;UL ubcvpot~iiicrk of

altcohol by ma~n~t. of kuolin ý.L rcMxiu'1QLd(ed !.Y tm. 71r~rscs. I:-TroVet::1VuAt iltro-

"~Ucod hure viere th.e thorcouý:i r.cnrab.'in_ of i ile Utilylonso :111 tjiu '.u'vv.e~ert

urying ,.iti, ¶ulpliurie :..cij to tC it'i t' ji-e o f f." : voc loi..1o:1: tixou-il

wniiic to jntroi~uce tnQ et~iarlere ii~o _".U etxnL i. .. i~out '7UO lU,.

of !Iutit .rd verf :drt -.1e i * ntot!~' t.4 .,DL'c-.reu ..i-. 1: ion 't' ic retile

rraiivvu turnt,'~ oyt~r to otiit foe' "Melopmc&it cii. l-.rie re .e.

A I~L~ilr jrocc,~ure wc foljo'.uci. ,.itj, o.i wr .ai'tt lilt-, Li~r

tory vitvti.odtv were viorkoui out 1uy tists Oif urno n t~.1~u .9-c'6 ;"uCaion; .

F ~ ~condei~r-Jult- =ou~t of tilt, m-t.u.ri-4W mk~ d* bY tuiu ".4111-tc N' ! tu. .tu&I1

-jionc~d tluw. tilu pyocoor .u tuamcid ovur to ts)eDvtLjo~rrwnt i~vilk~t, or



Reeemjch Oi.vivionkr in fLirly clo:-e touca -;.itk tiuu I-xrgecale r~roduct ion,

so av to be uble to Etrai,ýilten out 6iffic-4.tiefs thut mi~,4t irigie.

In carryinr- out [ht: jro~ramno~tko EIRL-11-LC-10 ý'Uuufactusing.

Lection ma-.ie "pproximvcte1y tiiiu fojllowi-g ErnOUZntC, Of CelrtLinl j--P rnuittrd

guae, 700 lue.; bwombenzyl cy.flide, 600 1hze.; butyl ler~11;u10 be.;

chlorac~toylhexnon, 1000 l1ov.; i;y1Lo) ia,4000 lbe.; nitr'oi-un

tetroxide, 3000 lbs.; dichlorm&utiq1 .-':ineo 1100O 1i~i'.; -4i; 111I '~irluino C4 o"

arcine, 4000 ibe.; CyZnoi1*Ul WiklOd~*ld 4600 Gr;(yamoj;U zwrorai:a, 600 J1br.;

liquid .,r-dne, 2000 lbv.; Puperp'thitu, 800 11.r. The r-.nufucture of ,omo~ of

thaeu cuileJ for a vw.yrv x-cu4,.vu pvcliiwaii:.y ucieutific vwl.,y. F'or iyl-

t!u 10 i aj~d ý.Lny idEaU 1101., it. UOUIlt ý;Lc nL~e Ltir4toi--OiY. It 1,117 finLI.Ly

diCOVCIL( 11t it c ould 'cc. m*de in itwo -t .. v 6:Y thu, intvirktcn of E-octiu,

ciLo~t~n.orne ý.jd -r.r-urdic triwc o.-ile to folmr iruylioar~yu

6i1ju * 30C6C *i '"1(~3 :(.u 6 h5)3."Eý * 61"h.C

adt~itif huatinL tripliwnyl lr,.irU Wit.. "r.u-L.LC tric±idcAu' in L.utav

2(C6ki5 )4E I :E1 (~i),Ul

7huo re.-~. pro'chiizm -.'.z not to riuch filt, I'U!tirnj' SJOWuc TO jA to 1C

4&0sý.iuzn rvororly. Tae frtv u it in Owm411lucl 1u i %mcc~
A~ 2.S

rMetilot tesonh ILutter one,. Twonty-tvic blocke of vo~.it. ledi~; Lv.

u.,cu4 werL. ji -c~d or. un S-mci-h rcroern L,.a! rnttud, ti, ow.idu b4 ýot - lud

todiu.-n retrldni;n on the :ýcretvn. The *-iblt4d tsociuni .6i rivsa by c..Aorn

dioxide rectturf. U~rou. & vj eci4.l qr; .yia,, nuzzle into :old I-emeszE- ~.iua w..C

utirrtsd .igorouaily. Tait, ,>-ve iw.~~.ly iUivia~ci ivoýiLw W.cus rw..ctud

it .%lily ý.Atj, cilor 6siehrloaus _r.r.aic rik;..lo;*iu. It UP 10 4W..r iL A*iki

±1 ~.oo e-~~' o mucL) tinouzi is vi40rized tvsit t4 fo;; it forme.;. m~r

f 5.



After tho reuoction hue taken Ilucel tsw vodium ciiionide v.Lud:ge ic filtered

anid vacuum-treated ý.itii vtu to recover rome of the ibonzeiie, The yield of

t~ripsiorkyi arvine iE. --Ajout 85% of a product 95% pusre

The Germrnaiu uved etnyldic iorturL-ifl apl,"rentiy Luc-ur.e t.Loy ji;.

no i-tief.4ctory method of m.ikint- methyl LlicA~lor tLI.eine, s-itoi it./ra.olve

katiEfactory eubet"11ce. Tho uDivivion developed i-etiod~tA for rt~kin.-

Lwti. The rietiayl dIieilaor .ri-ine (-..n *Ue mivi~e in ts~voe rvt..ýcz, tt.rtt.-.itii

Podiumn arveidito .t nd m.Aking, fromi -iaiie (,iicdium~ sethyl ~'ii t 3 V.;4wi it then

converted into mel hy. oarrino oxide. The firzt r.tit i, c -rriud out -t

085.

(1 NAO 3 t(CH3)p ..:0 4i3 ~O

Po~eb~r~dir turi,.in4 ; iidle ro. ,ticnvc-e

(GH3 )2 S04 t~D N 'R~k 41%ýXh~b0 4 t Lh3Ohi

(01i3 )PSC 4 tki2O -- (;h 3 ki-W0 4 't CH3 0h

,Cu1 1hur %iOý4da i. ts1ier. 1-. EtA in 4' 500 550

Thul bit-ulpaito tzuue formed iic do;ompoaud -itli vulp~ua'iu .. cid bcaut-e o~tl4-

vriee if c-ulikaur dioxic~o were Lilt frut: ini pr&uti..ze oi metziyl L~i~nlo-%r~rtil~u0

t.A. U.fRI jLS ~IJOld C-i'ry Oil' rt.. .t p.Art ol± 141, tetityl iiacalor-~rtrirn

with it. The oaietul a&rrine oxide if. tilLtncoi.dLrtu%! into mbtsiyl iclr au

t~ thu Uction Of k.'rocsiloric .tcid LA - twoture; uvovo e

(3) (ihV'v.o * tiGl sC113'ASCl 2 * 5
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An arsenic compound .,Ihichformed an excellent smoke ,tias ob-

tained by Dr. (after,-vards Lajor) Idams through the condensation of

arsenic trichloride -.;ith diphenylamine. The reaction is

(C6e5 Z11R, As*i 3 a CCHreI# C.I5OAs. l * 211ol.

The same product was discovered independently but a little later b,7 the

3ritish, a:ho assigned to it the structure formula ;6 H4 7N0 -4W0 6 H4 . The

substance, -rhich is 1mo.in as D. :1., forns yello.v cr,,stals melting a#

193 00. It is strongly irritant to the resplrato.rý tract. .. concentration

of 0.*3 p.L..m. produces a very irritant atmosclhere, causirg coughing

(in some observeorj, pains in thu chest, wid to I less extent in the

throat and no c, together -.-ith the general s:,,-to:ns of nasal catarrh.

.ualltatively the i.hysiological effects of pure j. U. differ consider-

ably from those of diphery4chlorarsine. .'he:y develop more sle.'l.y =d

last longer. "he method of --a.nufacture i, very ci•ple. *.te araenic

triohloride and dirhenyla,•ine are heated t-other until the tempera-

ture of the reactive mass is 19000, the teqlerature Is hold bet'een

1700 and 1800C, %t which point xylene is added to dissolve the D. A.'s

.Ie solution is dra-n off, allo.red to cool, and the crystals removed

by filtration. ".he yield ir the smll-scale manufacturi-ng 'as about

64W of the theoretical.

Cyanoen. ohloride had been made l.y the F1.enoh and their method

"a..s adopted here, but a good deal of wortk h" to be done in re,-a-d to

details. nhe oýoneral r~ethod is very simple nd conuictL in the chlori-

natio
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of aqueoua3 iydrocyutnic acid at lowto'rtue

thOt .1 C12  CIAC1 't Ro01.

Two di~sturti.tit viae-re~ctiuiit ýrtb t~iiu iw; rolyeiL. of cyauno ýO

chloride ini pre1senwe of hydrowc eric ucid

ONCi U2 00 t aNi4Ci

and ti~e polymer.zuti~on of cyU%,roL,,xi cstloiide ir, rerte.ce olf

Lie actual metsi~oc war~ to ad', ciilorine~ tc 8'. IiCLiA~& terTverzttvrur- [lot lower

than -20;;. or' aiig~her timi. +20C. LAPs extre t.tv, xmxrruw i u.~u L'._v:

iv~ r.eceuiL~ry b~eau be ts.ts e ztcdeco i..y tic: .. 'rcicc.,!orio acic. be-

conrie eeriouip t.t I.i,ýhivr teilperc.ti~ret , at~d ut iov; te-, .er~tureLu t.'4c r,.e;t of

ctiiorit.-tiOii J!! _too bjW 6IjrhOiin;I;`.0II L i Litie ..ydrociu..ic Lacid

is uddede tc rei-ct. uiti, aiw' eXCOUI, ci~lorine uji. tiie yrod~ct it. ~iA*Ltii.eC.

in jacket bud, di-cozitL.civc.o K .1- wit,. a refiL. cccl;er kelt 00.t )

The baluxict? of thie n'drcc,.±Lc.'ic "-cio ir- re :ove, -.y ~ ru. tov.Cr

file it i~~tke.Te ~ter coi.turi. C~r. Lu ctt (ýcW'. to 0.1' by :aiul

c(lioraCetu1l-tlolit~ WaL. nttdo . L..CeC Lt.ý to

caueia.i tiJae induct to re'.ttt 41... *Z**2fsw. il* rCU.Q Of %luIi.k cAc-

Tiutt c,,IvsinuutIo;. or aceti _ui6 ii r-, u~ t..cv tc~li. .W ..

proetece of tiul'aur mvinociilor~i~s.

(1) Cd13 002ih *:-C1 2 (52C1 2) :0 CH2UG2Ch~i t kiul

Vie neoeaa'ary oo,;itio-ui for Liai. s :Ie~i.i ol v~o;.ocL.Lrr..*1.ac Z~;_iC -ita

I.4.



-Lo one of di.ohloracotic aictc are ti, iect.L e Ltirri..,- mod 10 i.

ti of ckdoriire. It itt ec.-eititial to uvio jure xiOLcc;,jor. Cot4 0 UCIL fCr t4'e

r~ext utz'ti waidei coLL'iitate in tnoi ci.lc znttioi~ i ofc~.ioc,,t . c~iloride at

400 in~ pret~encs of mulpiwur chiloride.

benzene in yret--ence o~ 4.ii u C'1 Ai

(3 cicioi- ai.j. ju..d 1t~i~t ~ei~cl.U

it ii, &ýt o,ý.iy ." violeAi Lýc.,r-.-.iu~Tor -ut i ilOe~v~i i~f.Lki

ofi .t z-, on t iiu ek. i oi i t.. ~ A w.are t ,, L .u '..U I

foi;.i - -i intei. e ;ur".I'a ee v tlo- of t..t ". i'l Vjd;i ' Levi..,

fleu r t, . uac-i..j Ait., water tnereiv:. rAyJt: t L r1 UL"

r~;eoitci. to a it';ýt 1~:i:le. ",,u ',;u rv. e 1E Oit "'

ak .I. Cioke~r. it- Ov. ev-±d oratic.;.0..Oc uo c dr": da ;v i sw 1:.c t r'

wot .,vc. 7..c dry crt4:c .. li*..t A l k. 'o ;G ... cr, :Urt d'AV U~

ttle 1A. Ate'!~ NU- a&zat~io.1 A. 'Idlik-ry 46q, r ci*A--% -- U..u rat..of Cie&

rodue jit,~a ta mitt GOiatlic Lýtdi "L ~jsi Z.v'.,'Z(k ý 1.Lj.U.Ui 1v~t~

Ia o .O..~dU1~O ~ r .;L(jVUL' 06 ~.. ''~

r~t~t0411*ti& Ir~dAC LU11WOA t.r;4tLa kh 3,
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Obj.:~ctionmtb1o in &ouln.. vo ine3..u-tic usi prosio 40 cr ek, ;U

il;igit gcg:1tloe 1 3 to I'm -,,Oi in tti,. I I. ~ztit pr .'Alu J.3 I rJ I t he

,3'oX'0n1bO!,Z'f C1' aLIije c Ln lbe mA lo y 0~.v~ti;~o~zica

in~to btý.zji c.Uki

C~kiCk1~L'N CN 0c 6 115 iH.Ai * 'Atuc1

rietiod '.,at aivvulvud .L u.-fo.:r a ,'*d

2.r t Aer.Ld a 1,to u, ~c lutL ni 0±, o 16 -c v ry

viian tit- stirrIA, i e ver: vi,,c,. u, %'i !u.U.,:.: to Uu A;i...

b ru v-t to --.w inr& 71,ility 0o tA, two li4"Uit for t,& rc-

.Lc tcn co pr jt: .1 y Lo:~2 Lion i~ x~iu 11 i- e &4o

.. lc ýi 4. .I~t4 0! 9wi L k yJ. A. i:i -t, fwt tj&.l 1a

f.Arly p:.v, A-J\ 3'7% ;: .oAL0.1U 4.2,bu.. 15 1

1650e i~spo*t o" F..

i4ter Go 1" iali0. . ýLtc I f~1(1-. @1. c il

r i.te. ail ofiryI'9.c; ,
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n.-inin,: VO iteco~ o. t..rry u~ t Lisa ,tu. we~i,;ld-jvs o

vollih si emenu it -a vod-1~ ~ ~ ', o ; i. Ue'ua f0 un.: 0o,7

rvovidtn L`g .irttt oc iorn, tst tA'~ oi aco~qj 4.c

jocted to Ir.-tici".J Autill11o t o p~urify it fsuu uuxi&..n,,Ud

0,ro' ̀.Il r i ;4 L t;.t c rc:a i .a rr.,.ct~o.*ca.,i, !. u , ,~i zn

"0 .'j 1%L, U jz i. ueaf- it; g0aih~ivv rti --a Il.-

mu%;1 .tul ..F c. iutc~~j , . 1c s0 I A, .c-- t..2 . :-xv 0

I.tt im. CCU' A~ ~a

.4ion. A ~1  ~LL*~'x~o

rp C *~r~ r*t t.u~tr .. , -fi P* *g u ~ '

If -A i*d~i **. A ti CiL

0E 
3L 

O

sldA .14- CrJto u .cut7 ix itde ik to rut



chloride preett i i .t ro ti tk~c iron \iit.1 LuLL..n evol~uLIC'n

of houtt, tho rec~ica twikiri, p2. ve wth ex~dod~ve violjrtnýC.

F'urthur-,o 1-, ;-nry ifron u~dtlt w.hich riv'y Ou coari r O~iilterCAr

vrtutu -the _-u L; ,(:,4 ert lus , .I !on. 11. V a~f. G~~t

I ucerj :1n.-7 coanvc.ju1olti.- tw:u f r..Ctiol, .iný Cetil. 11--r: to 1,0

lined wibb le1. LA u,.iU.: o<IV111,; 1;; 71' peouct, tuiQ.i~l..

tioll UW1d~l di3 flit.i: 0. 1 ~<~C~~C .~: .1:

It if, poiloibie to oo;Iit Cr.1ho~ . ui, v y U0

tc lbroiaoenzrJ. cy.%fljde if :ocitiu o_,t y.' .'Il

PUrC : OQVI Coyt.ldice i: hIf.Lted týo 700 C ~.~ e:i"itc, ni-t~u,ý- ofr

11": ý2r !_ rc, x~t qori 06,u o~a ~ .o~ito

tJ or ".y IUr Qi 2 ... 2 L~:vd

batch. Ai . r ... A uu. ticrn.if:un

ifc ilt. ý.i l L . .ts~ 7 -1.1i :L CE i L V

*tji!jý.E, no I1 c AX*: t 1.0 v'o. .1' i*

bo i.,trodueA4 too ~~y . ~ ~ o ~~o~.u.~'

foi-i.Xion of ýstu ai..i~l r .f5: t be d
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mitted witil tiiv. "ýrina~ to OW0b4 ouit Ln.i~c;o~oi _,.A or -W.Iu

a. hydLrobromide wt;y be formoud. Too m~uch "±Xr mu)IA not lbe Liitteti

Iron mu.,t not 'j pruouiA 1oc;,ura i. :t~ -ut - c Atalyzer, c U- ý.

t~iie bromnintu to eubutitute in ,t t r.' infi:L(VI o0 :.Lut rdlu

,.il.ALda. *vli, tucu aud L- ..uI:tý t o -t. I~e brozmine v:.qlor :~.4y be cut

off JIU'in": ' ruli i f :.~ i.'; ut ii' v~ i;,o. t nt not to cu'.

olf ti. ;.ir curr.,ntt .i-ir 4onm- As riu ui. t4irc~ti.A. 10i

ornou o rc)L.1ova -Ii. lit. iiy~robro~ic Lwcl

of fit.n r.auf_-týtý I 1 ut.e 50C 1,50C (,ije-

panding on tiid puiity 0f tak : .ctjOAio:tet ~::±Cr.L.e

3r~~~%t m~ . (1o.w. 0 A-t~ 011 '~~ i.:~. u*

urp~ ~ to 'en'I Lo- ton.

1.0:~'o ~: ot.4 ..j . LIUJ v..L 4" 1 .

$'~~~o ~ .n~i.u to ;jo rk In~ Lh%; c--ib-1'iL 4'1 v..: r, k ;~a.

taor -.U'0Uptiisvt; c. _ien ~.~ .:. u L'.C4.. L.~ ~

41. ; A yJj r-.1 4o, I ~LL4 I'-. VA1% 4's3 .tu v- 0.U to01'

benIa. -
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obUte ow.I., t1: 7.f. ',T o di 1 LiGia t~l Aro 11 t~id t ; S,' ic t

.Lj.1 tie dot-al!.t ihad to bu wo r1e.. out iur~e. 7ix1 rd

VeJ.or.,u: by Dr. 11 id ;.tl tait To'U iio Vi: U ' li .~ L thllcei

b t r L j * V i . ' , O A o r L l k r : o ' o r a u c i i i r e ' r i. r u d

t~iori-- miete,2 to ?±iuout 4.'

CH 2C' (-' ,j

Tlw wltilirtic ýtui~t iv r~repr.mi by iix~a,' ;-';-ice -di f-t.Arr-td i6o1tition

of taoriu -- itr!Lo, dryiL; I.. -',r, !A 450,0 L.. ai,, Lir C.,rr6At.

Thle fin'ti 1"roduct Z u 4"' taior ... T.ildrO itL~u . ~ii

rU;L~tjQ.o4, t~ile blit''r l..oi ~ a* i o A1tii Lc ; 7ic ý ut i.'Iono i.&Ltu;;c1

tVA' t 1iob-2o14... 1e ru.4IJ ' r*. 'i':LtL-

44A On tor'ct it . a LO.a 1 4od ,.

!id.)&t Le -lid.~1t ".. :~10-ot.aO of oL ~ .W;& ~ Ls

iji pi p~tr;.~ud ifiuo~.aýýu 'u. o-tro1yz!.;&,, _j, Low Auiu ~rt'z;r irc.

LO ~& litti~s ý5Oti vtum riuovil.u i&., buul. ~ ~ . .;. ti-

.io; ;ut it -.:zm (Ouflha taut ill 'aloUw&i of cucriov.o: ýi Lo-v i..rf-e Lo

-~ ?~ 0 & t lt~ ~k 0,~ . 4o Q _'U .t I . C ' t. - L C '

-uk 4 i-ýa p t 1 
jý1

e L.nliatvid o il 236.-j1
roul, jo.ývsrJjjO'jjt, ;OU I ltý C4't'11)j '.;y I '; Qt 1 I



lyzing a fused bath of acid potassium fluoride at 2250 - 2500C in a

copper containing vessel using a graphite anode. It is probable that

still better results could be obtained .,Ath a graphite anode, graphite

diaphragm, w.nd graphite cortal-ing vessel, this last serving as Cathode.

No actual use was found for the fluorine and the method was not pushed

beyond the laboratory stage.

Boron trifluoride was prepared byr heatlin; together boron

trioxide, calcium fluoride, and concentrated sulphuric acid, It

Pr2oved not to be sufficiently toxic for use in chemical -. arfare and ,,'as

not fluorinating :V•ent. ::o experiments as to tha joint action of

boron t.'ifluorlde and fluorine on organmic comrounds.

2<



During the war many suggestions were made that arsino should

be used. The popul.r plan 'ý;as to use magnesium arsenide which %,,ould

hydrolyze in moist A.ir, setting free arsine. The experiments made by

the Research Division shoved t"at the hydrolysic does not t.Ace place

rapidly enough undpr qrdi ay conditlone to give an effective concen-

tration of arsine. AtpeW'iments .;ere still under vay -o determine -hether

this atterial could be used effectively in the rain. ;!le the use

of magnesium areonidc or of any arsenide was not very p-omising, there

seemed to be a dictinct possibility of usin, liquid arsine. Ahe gas

it fairly Instable and decomposes Into arsenic and hydro ,n./ On tho

other hand, the dobed liquid seems to be pretty stubi : 7.fhen dry Mnd

prevents the decomposition of the vapor. 'he reason for this is not

kn1.vn definitely. It seems •.robably that arsine as gas decomposes

only in contact w.'ith the walls of the containing vescel and that this

deoom,'osition is prevented -.%rher the -.,!alls are ",,etted wi.7 liquid arsi~e.

The manufacture of artime talze: place in t.,o s z es, the

fo.m.ztion of zinc arsenide and the decomposition of It. 'Nmh%6& rno

arsenide a castvlron kettle painted on the inside %..ith a mixture of
IA

graphite and oil to I-revent the reaction mixture adhering; to the .nl1.

-qual .'•ehthts of Zinc, 10-!O mesh, ama metallic ars•n~c, 10-60 meth,

are -ell mixed, chao oti into th ca1d %ettlc, covered wi' a laver of

o" cha:oo.%l )and he:.ted fo.r 30-40 minutec. .hen the-e i' r a s %ro#

evolution of broan fumea, the heatiwn is stopped, ."he reaction n.dtu.c,

whon cooled, In a brittle coko-like mass w.1hich 2aa ibe renoved oacily

from the kettle. Mie reuotion catm be w.ritten

3 ..n 2,18 X heaL8
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It is important that the zinc shoudl contain less than tyo percent of

oxide and the arsenic less than five percent. The heat of 'reaction of

pure zinc and pure arsenic is relatively la.v and the reaction is not

nearly :o violent as -aitt magnesium and arsenic. gen there are oxides

present the reaction becomes more violent, other co'apounds beirg formed.

As2O. t 3Zn a 2.1s # 3ZnO

3ZnO3 = Zn 3 (AS0 3 )2

The zinc and arsenic must be mixed in about the ?,roportions indicated.

When an exoecs of zinc ic used, the arseiio obtained by decomposing

the arsenide contains so much hydrogen as to Lmaie the problem of lique-

faction a very serious one.

Arsenic is obtained from zinc irsenide b. the action of dilute

sulphuric acid, ZOI by! ,ight, according to the equaton

Zn3,As * 5 Z9 SO4 = * t 3ZnSO4 .

:•.ben arsine is in presence of moisture, a wvhite crystalline
hydrate IE formed, isII '6C20, '*hich is cliphtl- less dense than liquid

arsine, is soluble in it to the extent of O.3p, and decomroses readily

to give metallic arsenic, -Ahidh may -recIpitate reddish or in the blacik

metallic form, according to tho conditior.s. IT I:" absolitcly essential

to remove all molsturt, from the gas. TnIC can 1,e done '- pasciri1 the

Gas over quick-lime. 'fter the a:sino has been liiuefled under pressured/e.

Smost of" the h*ldroaen can. be soparated reads ly. 0..ln4; to the p.xrence

of hhdrogen it is nocessary to run up to ll- lbs. pressure "o liqua:: I

the arsine, instead of the 96 lbs. theorutloally necessary. A',e con-

tainers for liquid arsli•c •re (tool oylindorc. '.1e gaseous urciue

analyzes about )3.4; UOt3 , the remiander conc tintj o.- hktroeun wi air.

7he mznufaoture of liquid aroine wias d8stJiotl;.i a creditable perfommnoe.



3.

Since the gas is readily inflamnable its t.ictical use proconts some

difficulties wad nobody kno•:s the exact value oC the subotancel as a

war gas*

I



As a preliminary to the study of the properties of toxic gases

and of the means of defending against them, it It necessary to be able

to detect and determine these gases. An analytical and tecting section FI

was therefore one of the first to be established and It ;aas kept busy

from morning till night iti spite of thi, fact that all the other sections

co-operated in developing methods of analysis and testirg. '2he details

of analytical methods are not specially thrilling to anybody except

technically trained m=n, -o it All perha]'t be suff'cient to say that

satisfactory methods .fero worked out for walyzing every toxic gas 'vith

'hich the .iesearch i1ivielon had to deal. 'hree tyric:Jl case- may be

mentioned homever, the testing of caxAter.0 developed by the Gas L:azk

.esea.:-c'. Section, the field testr fo.- mustard ý,as developed by the Gas

Lask IieLearch ,ection and tho Aefense Choemical :ese•rch •edtlon, avd the

special paint for shell devely! ed by th- Offenýe Chemi-cal 2esearch Jection.

Canisters are tested on m•n and on machires. "6,ultiple machii-es

have be#m. developed w.hih ,41l test oi;ht cani••o•s -imultaxeoacly -.t

coi.tlnuouc fla," of the gaa-air ixta o.-e o: a inte:.viittent fla,,o,. "he con-

tinuous flo, machie are the eajsies; to oointr..t and .mere made fir.-t.

3ince the man bre:.thec thro'•h: the caunstc•r intermittently, thi. result:

ýA h t'e intermittent flca machincs rezemblc more -9os0ly thoLO wocun-

tered "•hen ma-::c are actuall.- ::orn in is. 'he Inter-ntten:. flo" "ohines

are cai-'ole of wide variation both ac to volume of Jr pa.s:Ir- throu'o

and as to nmmbe of oscillations po• minute. Mte •ar the-efore be ad-

A~i jutted to slnula.tA, a, type o.- rate of bnithl J'• •otr•'.or toetL oa:.

wro h"ve cho-n that the lnterm1;tent ,machines :;!ve resiltz It exc llent

i.re"M.~tIt a trCt~r, .rc' ie.o t r~'q avd Lro fTiuch M.1,c acelu.l'te
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A BEWv i4dLTIins iA~cHiN& FOA" TY.--TlG CA1Jt$TMS

WioTH INTZNLITTENT F'LOW

(itear View)

PLATE XV



sa

A NdEW MULTIPLE MkCHIHE FOR( TESTING CANISTERS

I ~WITH INT~IRITTEBTf FLUW

(End View)
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because they do a;.:ay vath the personal idiosyncrasies oIL the men. 1This.

does not moan that man tests should be abolished, They must alv.cbe

kopt to p~rovide for unexp)ected contingercles but they car, be reduced

to a minimum~ aith L4 groat, saving~ of time :.-noi friction.

In the earl lier man tel~ts the men -.ere sent inscide a~ gas

cham~ber; but aftera'ard.s the c=insterý; -ere oonnctcd b; tabin-cj Lo the

gas chamber 6:id the men out outitide the chwi~ibcr. hii M~ade It pjos-.ible

to run mo-ce tests -simultaneously and had the fuerthler advanta-ge t~lta the

rrn in ehargre of the tLostinia could determine foi- hinmeif aThctier any

giver. cazizter had lu -o"en doL n or, 1%eithof the repor't aias due to nervous-

noes on the part of th- cublect. 'jl1 the toxic Leazes cai .,e detected

:.ýt concoentrations wihicli do no ½-~to ".he individ-wt-. ihco re t-.:o

extremes to be q'Vrded i~gairst. 'hie r7.an -iho is tocstin thie i'u

ma' i11z;4ne "t'at ý-as 1 s oo.An;hrw Te that 1,c: not th%. creo, or

he may be so arxloas to avold giln..:£Lsc re: or-t as to cwitin-.e theL

t-ect too low- =, Zd conscquentl 1 *ot - sced Algty t~h the men.

accescible outziAde t"-e chamber, it iC u opr~I:l7zu le :rtter to

guard agali:st both the..e -*osCibli tier..

TerunteL-t is onl.;r run until 'sIV. detcoatc~ Czor'inL t%"-0'c.h

t*he. zanistor; Ltit Ithe .~.hn e:c.ji: ) rur. IL rt. ti cato:.Ulr-

to dctciý;nte t'-e tii..e at Udc s "oc. be detcctu~i c~n >r~r

c~.ite~~o te t b4-ci.:do .~.Up to th U ll 10110 t.s :.6L v byr

the mu1Lji!,la iii the caznister. 'le '11 JL), ý0, POiltL, eitce are

the points at -Axich 99.,q JL J,., C. etc. Of Mt40 g~at LE Sto1-d Wnd 1,

S10",, etas of* th gc In tlu- air aooos thro-.4h.

at0.



W'hen testing the variations in absorbents, tha absorbent is

filled into a sample tube, of specified diameter, to a derth of 10 cm.

by the standard method of filling, a-rd gas passed through under definite

conditions. T.he follopaing summary of conditions for standard tube

tests on absorbents were adopted as official by the ::esearoh Division

and the Defense Production Division.

Gat Gono. Rate per Depth Diam. Relative
i om. /rin. e. oem. ilumidity

Chlorpotrin 7,000 1,000 10 1.41 0

Chlorplarin 1,000 500 10 2.0 50

Phosgene (1) 10,000 500 10 2.0 50

raperpalite 1,000 500 10 2.0 50

Irsine 1,000 500 10 2.0 50

Hydrocyania Acid 1,000 500 10 2.0 50

Cyanogen Ghloride 1,000 500 10 2.0 50

Chlorine 10,000 500 10 ".0 50

Sulphur Dioxide 10,000 500 10 2.0 50

(1) Acoelerated tect.

If only one point is re orted, it Is assumed to be the co.eper flame

break-point In thc oise of ohlor, .cell' Lad the *9.- effloleonco. 1oi:lt

in IllIIAses.

.. hen testlie varL1ionz ini tho qzllt." of charWzo", the stAZ-
dard chiorp~icrin te..t 'aiz a conoentr4tivi. of 1,000 p..re.lt fo1 e I'

long time the only one in use. ,.& the 013arcoAls La•roved, t1 ML;

neoceasry to make a teat beca*e too Imi. LborA1,' c.&a-rcoals have a

stood up for 1200 minuteo or more jairtt chlorplorin. `:o enable more

tests to be run, the aooelerated chl,•i•orln test W.% introdkoed utigt
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.. a fonlentration of 7000 pOp.m., decreA&in, the diameter of the tube,

and doubling the rate of flo..,. The outcominu ý,as passes over a copper

spiral heated by a burner. 7"he appearance of a green flame is taken

as the end-point. Just before the green flame is visible there al, ears

a preliiiinary orange color ahich may be used as a ,.rnin•. It is ziot

kna.in "7hother the appJearance of the orange fl.-me ;iould make a more sei.-

sitive end point or not.

It Is usually assuned that the service times with the stald?.-rd

method are fourteen times those -with the accolorated method, anid this

factor is of ten used. 'her'e are tio sources of error heCe. The ar is

run throu-h moist in the standard test and dry in rhe accelerated test.

It Is quite possible, though not proved, thaL thc- r.oltive effect of

moisture might vary with differert charcoa]s. Zhe second source of

error is -- real one. It has been s. by Dre Patrlic that .""ith the

high concentrations of chloir*,crin u,-ed in. the accelerated test, there

may be uctuýl condenLatlon of l04:' I chlo0rcr1! in the pores of the

absorbent. Thit -hlorpicrin Is hold loosely xUn 1ill be givon up re'-di ly

,hen. air passes, over the ui±-'coal. )hti -ctifl;Iy occurs :.ith the Oeriýui

charcoal.. Jhen this is run to the break-.olnt Aich the accolerated

ohlorplerin test, wA thn dry air is .ssod over thu ch. 'co"J, 702 of

the ohlorpiicri.n IL renovedi:aheroa8s o:Iy, i0,,; is lot.t by tue Lmeric ax

charoo.u! under the sewr conditionc. .• absorbent "vi th a Io.: absorbirng

eo-ter, bat vi th a fine-craired str4oture rny sho.t up ver" ,e11 on the

accelerated test and not aell at all on the standard test. 4rnce the

oonoentrations of th,, stard xrd test are more neorly those of th,:. battle-

field, thp results with thl, stand•ad twit are the ones to be tru:'ted.

Trained observers cn detect mustard gan b-- swoll at O.,



-/

p.p.m. (0.0007 mg. per liter); but only for the first minute or t:io of

exposure. Lo;; concentrations of muCtard gac vapors, Ahen Ir. contact

.ith a dilute solution of selcnious acid, produce aio oranr'e-colcred

colloidal susI.ension of Lelenium A.hich radaully incraces to a deep

brick-red color in tI.-Ae If the concentration of mustard gas is suf-

ficlent. The test is sensitive to about 1 p.p.m. (0.C0007 . per

liter). 2his method Is not slecific because areine gives a si:dlar

precipitate in less ti:me than does mustard gas, and other co•zaounds

such as diphenylohlorarsine awid butyl merea. tr give 1:ositive results.

-is against-this, chlorine, hydro,;en chloridc, phosgene, chlorpacrin,

and superpalite c-ive a negative test oven -.'hei. present I1. fairly

high concentrations.

bile the copper flame test is not sufficiently sensitive

to permit of direct detection of lovz but toxic concentrations of

mustard gEs, at has beer found possible to modlfy the !nethod so that

one can detect 0.1 r.P.m. (0.007 V•. pe." liter) or even C.0l p.1 *.I.

iuder sipeclal conditions. Týhe method conzi;tz it ssi. rl . •i-" coi-t-In-

Ing iaustaýrd rguu throuýýIri ., -,atz tubc ovei! a fine, A c~i~ndcr.

of copper gauze aiout fouir inche: 10o1., .rhich fits .ru•1y into the

tube -ad ':hich 1z heated as the tip at the inlet thwolkjh the tube <;

a umall flame. 's the mistad gcas paoses over the heated tip of the

copper gaoze, it It broken do,%' and the halos'en is absorbed b.y the

cooler portion of the ganze beyond. •.ftei, a period of accumulation,

the gauze ic moved svIo.ly into the flaxce ard heated dIrectl:, the

presence or absenco of a green color being noted. The prlccile har,

been embodied in i portable field aLpar'atuc. 2ho method ic really

one for h&alogens and it; not alpecifio fo.- wmtaNd gas. Its uvefuli.ess
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in the field in questionable.

Zxperiments with snails and slugs shc.wed that these animals

were exceptionally sensitive to muitard ,as and other toxic f&aces,

moving their horns in diff erent ways in different gases. It was

found that a ckilled obverver could utilize there an•irals to detect

mustard gas at concertrations az small as one part ir three million

and other toxic gases at even greater dilution. A trained observer

could distinguish betaseer the various toxic gases with considerable

certainity at lot concentrations and with entire certainity at h"-er

concentrations. 2he var•Ations of sensitivity are considerable with

different individuals and In all cýec the susoeptibility dzaprela.s

pretty co.s.letely on 1 rolonged enrosure. It i-. therefore doubtful

whether this srecial test "rould have arythir-, more than a corfS I 'Matory

value in the field.9 ?i lacquer enar.el ;aizt hau bueen devized which

can be used on shell to tell wheth•r they leal. or not, therfeind

an int=Ataneonc color change of one kind in -onotact -ith liquid muustard

.and a colior change of anothor kind i. ooxtact .,tith ,:-seric±1s, th~i main

II possible to u. e the sar-e puint in t'.o different kind., of shell. Zhe

eOanel consir ts of ohro~ee yellor,,' ac 11--int, a m:l:tore of 86L of Oil

".carlet -.nd lU-,.' (c!' .odamire B in smal= amount as tr.e sencltiv3 agent,

and a lacqaer vehicle "hici. is essotially . col-tion of nitrocellulose

ir &,- acetate. Loth tic 01.1 carlet =-` thc hodara-ne ýi turn c'ir.son

reoi in presence of liquid =mutard; but 'he :hodw'ro : Is 1aich the noro

sencitlve. On the other hand the 4il .oarlet turn.-- Q'p .rplo to dar*:

green in preseinoe of arcenical. Tohe paint is vot affected b: s•; ch other

subst•.occ as chlotspicrin, phoj:one, superpalitt, and butjil mercoa: tai.

174
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Similar effects can be obtained with a linseed oil paint

instead of the lacquer onael, the contracts being more marked .7ith

the pain' but the enamel reactlg•x more quickly. The paint has been

tested thoroughly for the effect of sunlight, moisture, tim and high

twaperature. "he color is entirely stable before exposure to mstard

gas and the red color produced by the mustard gas Is equally stable

under all conditions of weather. It Is lumterial whether the paint

is used on shell steel, tin copper, wood, cloth, or paper.

ii

4



Ir~ oraior to ;,at romft ie of how Ion.. rxattara ý;L my w)t

dan-orout in tile field', etudy c4' t1W :~er'i~ttuacy unaer fiel1d cou~iItionp

marnde by txi titimtroli ]Avirioii in t.*u tun14ur of 1918.

!',)-,!e ;~it of r1otr, v r:'in,; Frc,,a'. U fect to 1:,. .cct

*u.4 re, tprýyod. Atii ~muct cl :~ otner to.'dc --i tori~lt. TnI-4,

., tri'-t i 'rt. '?w of t~j le.i"~ ~ 'erir-up b..,k. "u, :.cl fs

~ ~.- ~ rto :urn, nmit itijurie?' ruiat-uItf. 1'ucuat-r'ful~rr~to

t~tlfo .r tiw ~e~~tior. of Ant;lv_3 of :iuwt~ n ,.l 10e

Of 07% LQ4'n .'C' i~~n of a. r t.tfu.. 0! L; t *i

ui~~ cof --,uet -rd ý :r sqj. ft., _;ci cort~i,~ to a_, ,.ee .4

1. ortwitu *c 0.04 -i *, lit ý:v :X, vrt c r 46' ...

;cr L14,te Utl vt 3 fuotd,00 z.AI il L n- . *~I~~..'~..~ 6,

Cý- -CC ~al 0" dina .ao 4 t1. o r. Lc~ u J flu;' u~. I; .4 W1

fIt t 04 t. U LV." 0. f. Of tAu roil iztcsvl -l l

on~ *.:qot-vý poctlier of 1. :C 'i..tttj r. t .1 0h 1:fl on



25.

dayr -mi,, 1ouer on coVd one.,, but tue 1terces t~j~e of miecre.- e in Lccucentr-i~c1

At ilcý e 'LIn lirt1,ý-av f ro-a tUG,~~Ji~...C~ i~leiti(d.4 10.7 -LI1

360 8-1 of t4"t -t~ r urf-ce of tiiu .rosasvi-. rue v ~ri.-~ticim in lhorizonf-l

coriceitr tioxu wu in pt rt cxpoutuJ i;" r A .. A T.z

woul I be "~~t~,~t 4" fr,)a. tiw t;o au/ . ý:-cwt rtA-cuot itc

fro-~ t:,c.:~r-)r.dl it -:cut 0.04 p; ~ur lit.-: t jmi. rc.: o;2 t . o cct

it-youia 4ti it *ropi.ed -io(U.00-1 M,,. ;,. 11~v A 50 fut t . to

0.001 mý;. par* liter. '7nw -diiating -r;.t.ct of'~ it. eddeso.iy ZO -Iti

toxic .r-. iou-1 rwt ex! vn "o* tA.'a .ý;ut 100 fiet L44~U~. fti?

uz&.Iei or': - ow c~At-irn-:. i..r .-d et; v. tv ý r ~i v ry

w~'~a2a u:O it-.. ~ .~,. ~ twr

t iiie. v. 6"i~- a-A~jciý all-z i~. 1L i0 i -A C' 1(*.1.

'iO1aCUj. i4ut, n I'LF + 0 W10i;& Uzi ý .4 f.-,..:Aa~t '.Lon

an A.ourAt ~er 'ravirt,jh `4 or A,(,~Ji ..



OcLaL on cold day (44 0 F.) .Lt wtuv 0.006 mg~. per litusv. iie~pe fiburt- ure

ret'1 .ective tusmjier .ure?ý. iX.e ef fct of tattline ,L w ý-: rlini~;ly n-kd

7ho mo'mnt tne ituri wie.t ýj.iirnd -t cloud,* ýýn immvwdi~te drop in concey.te~.t~ion

could be cisterved. This drop often tniounted to s±tv mica ýL or

ýý,rvev of Polar mliU-tiov t,:Lkj n ol r-'c ,it.z.''uio~t rw fi,-.t .utiý,I-
41,

ly *Lllel 4. curv'4! i'iowl 1.v ! 1. In i,.neent r-.tion Atn ~ii t mn

th.htii~u;i .e rir Aelitm -,at :-,m- or less io~f~ ti iftAu,, .;~

I'Lt. cwmnky iu, Ce.COntr Li. 'it"& Li IU 1~ ti.;

co,.entr tiorn t 18" j ~ur~n iL v %ý~c .ic6, -,Q ý~Out .3*

pu itr*,,i. i ur.!Ur to 0.010 -,- ~ ~ it -1

f).lyv 0,004 ta-* Awt mwa ~ *G0 ~LrJI-`',* ~ \

Cn ji ,ioder.tte 41j tn j*1_ int-t- cs.tr tior. 1L, at' 'ojr'w, uvon

lowxer, -iat tas dc ns ~to Ai. i. twai~ .1t-f 10 Io ýL %iU L _ " tte

l:r..Yin#; talur Ir littl@ o ~ '~.. 1i.~O.

~~~~~~~~ -Ot .* ~aj.v ~ ~ *u.mwitsds Utinr t' -t*ýtier u %cit~

over. :o,- 3r?'-i .or ..ew 4it 74U ~ u ~ ~ i~.



gibU

tionn --"Com~e lmio li usif ccount. Ini 4ot .Xtu:,~ fOr6, 'j, c.onceritr.t-

tioni of t-'i vniior ovftr a~ vrqyi 1.,ýtc.. It, verv' zid ,iio aonci1ie, &duicour

dumi, tt, iret ity; i.Lut jz oriiy zz.Liittly r ýti)eout- on ti~ etcct ý-ad

durind dtye 4id f ý 'aef~. .1co o44r i v.,tl

i.r ta -Iount,.. t 4 .:i t;;e -- aon ure h.- lesti,, aLu_ !'. i01." l toA ;iUt

tiot ro tart c .of w .c'jy EC44. 1, 4 *jj C fo j: ý



T~a* aioJ1ty to, ciotect t~1e odor of meat .;rd -.r uor v

conditiont, "dA lt o% tfnmt,,r.turtr vae fouui- to os waubicat to coneider tie

individwUa rurLtAiow n d to deljene; on the .mo'unt of expurisce in I-uch

utork. ýSeny of th. men ikcquired rncLie~d t-killi- to tzt tnca' co~uld dritt~ct

thtu odor 'A ;: foot from the ;-roun(. over pt4csiea tiiAi n~.j beeii :,r,ýyod with

20 cc of liquid to a equare foot ton~ d~iysl after -.pra~ying. Over ,atciiet

that hji~d been aer r.,yeJ. A&thi 1 cc pr E-q .re foot tavy could d~itect tne

odor atfter thr-oo di~yr under znorrm-l rum-ter conditione. In the rummor time

eoil ~cnt .,uixi,,ted .i~ta m~u,-t~.d ý'LAl]. c..u.-o -kin bL~rnr. iter fifteen

minute arrjliction for at lefý-t four ;ay. :fter four Uyt the Ianger

¾ie relatively f1J..htA, rie cn~in_. no f.cubt oil the nmcunt of m~tturial cri- aAl-

ly -.Ppliud to tile coil a Oil~ interveainý .t-,ilur Co"Litione.

f'



?.work on protective clotiiin.- !-y the ice rvi -iiion~ miz the

Meodical 'Lition has been chiefly ý.-Itt reference to protection %Cin~t

mui~tard gue and bar -included a Atudy of fabrics intended for une in the

following forms: icloves; over-t~11 --uitr,; un('erclothir.g; footwe~r; dugocut

blanket*~ .ýnd screens; niuekv foi- iiorv~e andd dop-; ixuote for Iaoribae. Tue,

ordin-ry inaterali such --s cotton, wool, linen, lezAiier, arid rubl_.cr are

penetruted by irrithut ga,468 in a relatively ~2obot-tisme, partly Lev.aunrz of

their poroeity itnd pr-tly because of eolvent a~ction, thie latter beli.; t.'ie

izmportant factor in tiie cere of ruo&ar. O.D. ieeued clotniiig protecte fromi

ea~urated vi.apor of rnuetiti .7" for 5-7 minutc'o. Unt.te.:ted Aiovtr

resiE~tt peniot-ration by liquid mu~tard j f* iz 35 riut;u,!At-~~ted

ho:-!e-Uide -and r~plit coci-hide for iour -:nki .live minutur.

r TP CTiOI Q . 8O i E S

Six di f ferent typI.es of ;rlovos have been teuted. Tnev --re

1. Le~athur ;>i~ove- impregriied T.,.-Jtth eofte-nedi lint-eed oil.

2.Cnton f2'Ziiel -:lovev' :,tn~ lezthtr p.Th, imji r,ýn.A.ted ith

boiled lin~eod oil aIn( d'eL.A-ne pitch.

3. Riub ýer g~love e.

4. Cotton grlove,!, ,,!Aerproofed .,nc coated on the inc-i-de .,;th
a Slutine- -lye u rine- fo 7rn ýe Hh t(or.VzItiorL.

5. (11o v e f,-ewed from oiledI f;ibrice.

The firet typo waiý -.i.,ie froui thick leitzitr imprr.iin.tucl <:tit L-A

Mixt~ure of' oilud linseed oil, Q:.etor oil wnd P'i'&ifin. Tliey Civu pro-Ituction Antliq~uidi rnuftiad 6LL for toto five iourri. The Ani-_,dv:antagev

* ~lie in t~no ec.raity of le~ttnýr, ta~e tutidonc;,. of tiia ,l~ove to -i~i~ omne-v-ht,

A-& Z,
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tkhts noc*L-gty. for ox.di±An6 tiae linzrssd oil. ,ku~rin, the dryin4. p rocot*ve .rbd

the te~nduxicy of tn.o jove to etif ion .1ta 4ji6

Gloves of thie itoconfu type ý.dva prottotion of one h~our on the

fftbria part wad tour houre on~ tho le~ther p.i.-l. The times ro,juired for

diryint; awli the tendency of tnc jove to etiifi'n ;ri; ite we.:.k pointe,

4 ilrket. !;aL~lt~ *icu ont-in'zineo xi 0 in I~i compo~itiof recddr

liq~uid miueta~rd for 15 to 45 rninuten. 'he liizi1 price zv~ae txit- type

uneuit. 1U. for tuiything iwt aepci-.au.e.

tri ots, Jth a t-!a r r:: -,.Air In, i~ o 'o~c tne v:..ter-bol',AL11e

i,-Vro,*,ii Lioa. 3Iovot~ Isu -tý ..rQ mo.-( 1 u-te.i~e tn 04641c.'r tyi-. -.11

mo re resixt at to iuurt rd te. Tiu nuce.c-ity for tnu c .. .Ler~lroofira

utroAu,.td 00o7.11U~Ltioný. IIitC tw~i~ti ~ ~ not

r'.tirt-nt to m~utt ~r-! IT P tu-ak; it l.op#; "Ia4; 'I-3'8 !rt intjeo

03 V K.tvr t ~ t sit, of *uu I"a V Lo t: 1. a 4. Ct..

i I fi Culti Zia in ra An. te sib rt:.2ýiotz -.. a.ýiL1~ij of tu- 't Ael-i ~r"

7A V A LtYP 0p of J1OVI I-MI 10uflk ~it1 i rA"t EPfer~ acIu e i

ii. p~roduA i~o.- for Ie" 1dI~tt toz 61%; f, et~4t~~

X ~it niiraU ;,"k -.,t~ ALI 1 cLa . ' ~ .:0~ t-*Aeu. 7"1 t

J& 3'Jn oi-er -ji&11 rt C P3' tre UfC' .r i~ ~ j~ u ~ . re

on oft tit&O. l0tr1lt !L toft a-roi f'urfce Li ke a 0 i.i~st ".*Aar. ý-LrJ

* owl



C)Ths ..teri-i. in treite on ts&s. ~taooi e4,u witii t.o.t Axt COfclluIOta ritr.;Ae

to form tiie outý,r 1..yer. ..,tter dvI*nw- it it, ;.Ut uy dit.- %Lxd t~owed -,ithi

tUe tre.,ted eide out into ai jove %1itaj t~joiu ttab i.IiJ iirtt fing~er in !-oj,,r:%t9

put on !ý oodenfl ormn aoC rti.pfad ruptutecily iiiu ; ~olution of co1liio-te

nitr- tt cofteited -Utit r~te-ecdd oil1,ir t cd .-teolvud in atut~r, ý..-elzo1, ,uItqtyl

Lpe.J1iCyl:te :.nd Ujeohol, .tfter iryiný; in ovenm, ti~ere ".1ovee protbat

ýiitirtot li.Luii -urt ~rd for 30 t o 6I f,ýtý i~o~nju.r i:uA.ro

co~tint. "Ile _1.ov"i' hecrc, ýoft-ýr itLutt~.r tli.d' tiJ.fer uTrA .:

th~o,.- no temlu~icy to crck -A tea t 1 r .tuit.: .. r lorv Ut -120 C.

In rue, oriee to t ru~juis:t fro- tait -e -ýtufc i.u -iv- lic, -'cc

Xreco 1 A:d~ioim tor I od'u;,i~ Z, 000, 000 .ir c f ~rct.-A! vu lo vý .t

r ýA e o f '40, 000 ;vi -.czjt, t;..:; CucvUr t r~

WTCe etopr%:6 uyt. ia of tii;...~ii

F rot 4;tivu L.tt oi -ýiieu ur c.ý u. uri it.;uca -az. 7e

tuex~ilc! a, vee tjuorou..uil, irn. 1i ~(t. ) a Ti td.e

Uip it viaC4 tr .U %itA isA L-% '.tc~;u~*

A~'** t 4 I litolrVt. U r ý,u V.i. 0! IL: fcV ri ý.u.! 1ic&.

-Al



Tha Air-Lined Mit wa&s develor ed for evFL;,ci~tl ute in factory

production of poiiron m. .' oopruriior . tut cvovin;,, tnte P' iir1

a hfdrnct, Jiovev, -hoopi ýaid tir v'uprty ho.-e. '"he AiolMet J," L11 .1.1iminu,,

cylinder ten incines in :Aitnetcr -il 4t ilfmir.1 ile-jC' t1 Ion to0P, bfinL!

rmupport ed by a~ fbric htand reeting- on the hevud like

w~ineow i!! in "'ront 1ý,l.Oatii J.;Afh tulia :.-ir ý--upj~ly antert,. Tiie rlit it i-.1"e
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at ."* ! Lo -cutiveily cau.o(! no 1lmovv-.4c '.o tle i.re t iF. recom'ren,ýd,

hox-mver, tka;t the hont be ve7ýovva ai.d c2.e tied x~vrtili ciimtl in in

rtitL Lila" :_Ccj ;Of.' fo.r six .vockt uve on, voughrri v

Cý A Y OF I' ROTEM. ON BY M-W:ýGN 1' , cD1

All protection by im~rq~-eg~ed f:ricr -c P~r it cii-ier pu.-eld

gcniJ.or. ýii/Eicd._, cicj~endernt' Upon tciuticli oT L>u. In tic C-,( 0,

1f inriee(I oil froit i,ý- -robl.O.e 0 .4 .,tirio

~ie Alm i-o;ever, it li r- il t,-it c _i,, z et 14iiEe~e6 o 1l(ike Ui

oxddi CýL Cii.) ie a r-O -,ezit ;"cr Io~ir_ o 1 tlie --t oo arid that -1o;; !-clutionl

ecuc1rE ill tne e.NFO~ek, film, uAfter v.'i"1c-A tiý 01 Iu:clvad jim.-e by. -;if-

- u~cn intoc -`zie intcri, of tlao fair4ric ;tnd fia4P to tI.-1 ilainev ruf*a

I n tao .i ou cule6 f;_.1i1.( dugoutz bl.;t. r)e( uit,

th.tou ifni t'1iV :'jC~-rafirmq Oy e-,;Ii cii~ I,, . t ;kei, up . It.~~ beenL

.i~cn~tr~by rui-alie 1 eict tii.Jt :~he -Li re, u-it i~ tim oil. with

"c: . l dowocl to rIaQmýLl IIOI! 1Lý 1. :111 ji j o J Io t u, ;, hI) e

~ilA~in col Ce~tV4AioX' C. i~:1v..izi c' 11 lit, txAPO!v(.,ý. b. Q U
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o~ccure, ho~evcr, Mtuy be entirt'2Q in~e1 enx~ert o tiia raýte at ,iiicii taii,

out,.i'ide equilibrium it' ru-taiec :.i~d Ie r-rob;lu-y iue to diffug~ion of cLir-

eolv(A -!,r in thu bel'< of~ tiAO iqxmr(;,-..'tion 41i.rou~ji to t~ii iijrur tuxf.(-e,

from ;icait -;,ll Atc~~ ~r virt~ ir en rc on ctrq

vcapor .-vurvure uj~oxi tsi ~t ýi1v. Tiia 1;uel.oility of7 tsdf.a~t~ni

*ix.o,n by tlel L~ct ta~t the 46.iept cae~eo of iui'.,oto jeik.'trý-Aicn ~

fouiflf, by num;ý)t of in,..oeendezit i~tt ~t:,to k"O uviwrw iby ui~s

motit ~ii~~ly Vpvi'oue oCilf, ix& v:.iieb tnit' diffution would tbc -lcv;ezt -c,'lirnder

oil, r~oftvIk oil, C~vtov oil, etc.

Tkio ý-cnetr:.itoi of £Iydrc~ur arLt

I ceprirne inpre,{nation, ir. aic!Y riOrt Z~e~ t ;~ t ~ rt,

to pin-iioletý (macropeoliic or -ircr.'-onic) or iii 1..ýit to cuiae c r+ .w- 161

the water plz;yi. t at Thie %munt of '.>tcr Trovfrt in euck1 MZ ril-L

R ~~been !ýncvr to irfluerice tiie r te of ;e;.etrtt.tieA; .- ts, t4.ree fýýIlxlot, (Un-

t+o,tŽg edt;,-vy otuck, ~ .Ld-~t~it E~'bpc.

of rittv.r," p~ijoetr.-.tin,: - or uni A.Izi vi.~ riati our~tt t',4 5' rvdueiz,ý th~e

amnount o epnst r A ior. ''0C j Lh V41 'j% V..t%;oh fv. 0 1.1 itl ~

i ~ p~i ~otl~rel-W; it 2-i ~Ct (-rlu y .iŽ f -i vun iL 1.rjt?)

anLrorhetn, ..U1tClViiy .uj .. ~ UiL tL.' ... i~~ .. ~l

Abut JUIy jeos (wiJcv itt vcu.or~t i~ v =ýA) fci 1 ji..LL AU c:~.K 4 '

*.ii f us'f.i"0 tor ti n etitue rXi ~.tr itjris vxntoic 1tnd -ý %rt tit.. tub

p( i~roreu,,Ai nf.~ br t cz i, aC Qr o l ix '&V Li4ý ky i'..ht 0. jJ..ll-rity.

6or prot*cti~ot ol 'Zia k:,4t i 4rt -mrz. r' Cýli'I c11:t1-u t

to t*ý ka. cir., tiauv -.ývirv mor&.j tim'o for vvi~or t icrý tc 1, Au 1 *ajt



ointmont -was knoxyrt a t Sag P .tte, unrd %ýe ehipped to the !;Otteri 1Fcon in

large .luantitier. iThe ij ority of the reportt we~re quite f~vcrz~ble tnuiuuh

of courre the Ta~ete o~ itly ured l the frozit for EL liiitd tima. I t a

later foundl poetib2.e to irnr rove thit- ointment yreatly by eprinklinr- bietých-

ing r~owder over the -.kiii t'ter the o'n~tnent hL-Cý been -tpllied, the ble-ach-

in,1rowvder r-ervirng t1c ueri roy thu rruntL~rk g,

Lp

* *4- 4'A
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We- cat now- come back to sawse-i. the defense research worlk*

vdtA U*hs --on the absorbents, of Which the 'most important is

c harcoal. It bad been known for-a long time that charcoal would-condenese

iný its pore. or adsorb certain gases, holding them very firmly. It wa's

* also known that certain chiarcoals were very effective in decolorizixg

sugar solutions for Instance; but that was about all* 'It was kn~own

that in-general so-called animal charcoal was the best for decolorizing

-sugar charcoals, that wood charooab were the best for adsorbing gases,

and that coke had very little adsorbing or deoodorizing power; butJ ~nobody 1kiew why and nobody could write a specification for charcoal.

It had-been found by Hunter more than fifty years ago that cocoanut

*charcoal was the best for adsorbing gases and this was the charcoal

usually used in scientific laboratories. In 1912 two Germans, Hemfrel

and)1ater, claimed to have made a better charcoal than cocoanut char-

coal by mi-xing a special animal charcoal to a stiff paste with ox-

blood diluted with water and charring at 6000. This was not very much

In the way of Information and even this was niecessarily applicable.

The scientific work on adsorption had to do waith the equilibrium rela-

tions of pure gases while the war p:roblema was to remove mere traces

of toxic gases from air in a cery short Interval of time. For instance,

Fwith a rapid stream of air through the oan~.ster 5the modern charcoal

will reduce 7000 popome of ohlorpicrin to a negligible concentration

in about 0.03 seconds. The magnitude of the task is more evident when,> -

we remember that the pre-war charcoal scarcely stopped chiorpiorin at all.

Somne experiments by Professor Lemon at the University of Chicago,

bad shown that the adsorbing powers of cocoanut charcoal could be varied



•-7) a great deal by suitable treatments. Small amounts of air were taken

Up by the oharooal at low tempeature and then the charcoal was heated:

- to some specified temperature and as much gas as possible removed

by pumping out the vessel. If this were done a number of times at 6000,

the oharcoal was improved a great deal. If its temperatue was raisedT

about OO0 the charcoal became worse. ITo saisfactory eNlanotion

for this phenomenon had been developed at the time the United States

went into the war.

any.realTIt was therefore necessary to develop a .'7ar charcoal without

any real. kowledge of haoi to do it and to develop it very quickly.

I'
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The first problem was to get a charcoal Which would stop

chlorine. After c carbonizing all sorts of materials in all sorts

of way, the National Carbon Co. succeeded in making a charcoal from red

cedar Which stood up very well against chlorine, lasting 150-200 minutes

as then tested. In order to improve the charcoal still further, it was

desirable to have some theory as to the way the charcoal acted. Every-

body was agreed that fine pores were essential; but nothing was known

in regard to the other factors. Some people said that the presence of

certain hydrocarbons were essential. Th~ps was in line .'vith the view

that nitrogenous material is of the greatest value in charcoals that

are used for decolorizing sugar solutions. 1ir. Chaney of the N~ational

Carbon Co., took '* the opposite view that carbon had very high ad-

sorbing power. and that the Important thing was to remove the hydrocar-

bons which he assumed still to be there after the carbonization. He

believed that one great difference between different raw materials was

the difference in the hydrocarbon residues, some of which were driven

off smore easily and more completely than others. To prove this some

of the red cedar charcoal was heated in a bomb connected aith a.pump

which drew air through the bomb. Although this charcoal had been oar-

bonized at 80000, various gases aAd vapors began to come off at 3000C

and some of these vapors condensed when cooled to crystalline plehte.

This not only proved the existence in the charcoal of com-

pounds containing hArogen but also showed that one way of removing theIhrocarbon film on the active carbon was to treat with an oxidizing

uu m m ma '4m nmm m m •uu m n a m • u
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agent. A process of activation by oxidation in air was developed rapidly

and the regular cedar charcoal which had lasted 150-200 minutes against

chlorine then lasted 400-500 minutes.

If the true cause of the inactivity of various charcoals wa

the presence of adsorbed hydrocarbons, it was evident that two methods

of activation were possible. The charcoal could be heated for a long

time at a temperature high enough to decompose or drive off the hbdro-

carbon. It could also be oxidized either wet or dry. Both these general

methods give some degree of activation. The first one was employed by

the British and the French. It was abandoned in this country because

it vias found that high-temperature oraoiig of the hydrocarbons gave ri se

to a somewhat graphitdeoarbon which wac not active.

One puzzling fact was encountered in regard to air oxidation.

Samples of cocoanut shell charcoal had been made which were eveftqbetter

than the red cedar charcoal; but they did not respond to air oxidation

under the conditions which had implroved red cedar so much. Thic proved

to be because the critical oxidation temperature of cocoanut charcoal

was considerably higher than that of cedar charcoal. By increasing

both the temperature and the time of oxidation, the oocoanut o.hrcoal

improved even more than the cedar charcoal, ohangine from a service

time of 200-400 minutes against chlorine to one of 1500-1800 minutes,

or up to thirty hours.

About this time it was disoovered that '.he 180-200 minute

cedar charcoal did not stop chlorpiorin at all, lasting two to three

minutes at the most. Since ahlorpiorin was then being used by the

Jr49



3.

Germans, all ordergfor red cedar charcoal were canceiled. Fortunately,

it turned ouý that the activated cocoanut charcoal lasted 200 minutes

against chlorpiorin which was a wonderful shm.iln at the time, though

such a charcoal would not Abe considered fit to use. T1he 1,roduction

of this charcoal on a commercial scale was turned over to Mr. (later

Colonel) Dorsey of the Nela Park iboratory at Gleveland, w.ho started

a plant at once at ;.storia, Long Island, for the Gas Defense Wervice,

later the Defense Production Division. "'he comnorcial development

will be disc~sred in the chapter on the Development Division. The

product as turned out at ',stOria was called Dorsite. Before the Istoria

plant was built, the National Carbon Company succeeded in makirng a

cocoanut charcoal w.hich lasted 400 minutes against ohlorpicrin.

Chaney believed that only pl.rt of the activation wac due to

the removal of the hydrocarbon and th-.t another function of the oxida-

tion was to dig out channels through the carbon thereby increasi g the

active surface. If thic Is th' case, different oxidizing agents might

easily act differently, a weak oxidizirng agent acting selectively,

wrhile a parverful one might burn the carbon away uniformly, or might

enlarge existing pores In.:toad of developpin new onese. ith this in

mind a. careful analysis of all possible methods of oxidation via& made.

All oxidation processes involving liquids .:erc dizoarded In favor of

oxidation by gases because the latter t, of oxidation seeod cleamer

and cheaper, and could be completed In a single operdtion, there being

no need of vashiz., filtering, drying, etc. The folloatng gaseou:

oxidizing agents seemed to be worth studying:

./. .~
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1. Air

2. Ohlorine

34 Oxides of nitrogen

4. ,3team at water gas temperatures

5. 002 at high temperatures

6. Sulphur Dioxide.

The first experiments ,iere made wvith chlorine and w:ere not

encouraging because the results were practically the same as with air.

It was thought that the reason for this was that the charcoal had to be

heated in air afteraard to drive out the chicrine and that any especially

fine structure produced by the chlorine might be burned up by the

air. To avoid this superheated steam was passed over the charcoal to

drive out the chlorine, the temperature being kept too low for the

steam itself to react. The product improved steadily and reached a

life of 800 minutes or four times the life of the first air-treated

.cocoanut charcoals Vith rising temperature the troduct kept on im-

proving until at 90000 it was found that treatment w.ith Aea alone

was just as effective as the chlorine treatment. ;-hile working -,ith

steam at 9004100000 is not the easiest thing in the world to do, it is
I$

a ieh simpler problem than working with chlorine at that temperature.

A sami-commercial continuous process, steam-treating unit was thenr

built, in which the charcoal was fed into the top and removed at the

bottom.. A*%hIs fmrce was electrically heated and yielded about 24

pounds of chacoal a day.

Zhe results ereo so good that men were sent from the american

i. .
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"University Zxperiment Station to help in the work. By the time of

the signing of the Armistice the detachment consisted of thirty Ohem-

Ical Warfare Urvce men* At sto-iap Vre Dorsey at once sarted

large scale production, using a nichrme metal central tube instead

of a clay one and firing by flameleas combustion Instead of using

electrical heating.

;M rPapid development of the &team process aas not due

merel7,,thtlt gave the best charcoal. Mw air-treatment was much

Scheaper and gave a product -:hioh was several times as efficient as

tath• then in use by the British and French. The great advantage of

the steam process was that it worked well with all kinds of charcoal.

With the air process it -va' not pousible to make abarcoal from ott.e.or

sources which was as good as the air-treated gharcoal, -:hereas Inferior

material, when tra ted with stena7 ¶ aoals as good as, or better
A%£ 4 " - QAdUAd 6 4 4 *usweSI-tetedi T'Ohis -w•a ver-y Irportamt becas~e

than, the best air-treate Charcoal "hi

not over 100 tons of raw oosoamt shells per day could be countod on.

Since this meant only eight tone of ( fiiama r da,, It -as

very necessary to tind A substitute for cocoaniut charcoal.

Arwargementz were made b7 the Defense Production Division to

Import chem nant fron Ucuth wric and Aentrul A•erica and to collect

peaeh stons, eqt., from all over the United itatesgaad the Zational

Oarbm Oeupany started developinG charcoals from anthracite coal,

biteuinous oeal, laqAleak, wood, eoconut fites, est.

Me first ezjerxmets were xede'Irith a special anthracite

coal *IWO wave service time up to 8 =05nutes as 04ainst 3(•Crr air-

- •M
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this product was called Batchite after 1r, Ho Do Batchelor. ,When the

Gas Defense Service tried to activate anthracite on a large scale In

vertical gas retorts at Derby, Conneotlout, the attempt was a failure.

They carbonized at 9000 and then turred on the steam with the result

that the steam-treated coal had a slightly greater density than the

untreated, Whioh was wronug, and had a shiny appearance in prts wri th

roughened deposits in the other .•arts. '.hen the hydrooarbo•s are

decomposed at high temperatures, the resulting carbon is saukhat

graphitit is itself inactive, is not readily oxidized, and impairs

or prevents the activation of the normal carbon upon ";hich it is

deposited. ."his discovery made it possible to tre.t anthraote success-

fully. Mhe conditions must be such as to minimize hlgh-teiperature

cracking, to carry off or oxidize the hydrocarbons as fast as formed,

and especially to prevent the gases from cooler portions of the treater

c=Ixg In contact with carbon at a mich higher temperature. e th

these facts in mind, Ur. Batchelor of the National Carbon Company

was able to build a plant at Springfield iihtoh produced 10 tons a day

of 150-300 minute charcoal from rav anthracite. This was one-third

of the total production at that time and -ias mixed with the nut charcoal

made at A;storia, thereby preventing an absolute shortage of canicter-

filIpg naterial .in October, 1918.

fth effects of high-taVerature orackin-, or gas treating as

Ohaney calls it, ezplain why it is impossible to activate retort cote

"satisfactorily and also.1by smples of lighting oarbAm rde with lam-

bla•k floor might actjvate well If taken from oae par; of the fwname,

},C



S and not at u~ll if taken from another part of the m~j iurnace, It is cili

a question of the terperatucri& in ti;e different j,.rtE of tkie furnace.

It war~ next eznow'n thp*t th" cccoanut chaaroa~l finer reeultin!; from

grinding and flcreenin- lce,'oe Uthi the cocoanut ci~rcoal, rtnd amounting to

5e. of the product, could be Ground, -nixe.d .41ti binder, and buked like

ordinary car'bon. prodAuct.. by avoicding gur-tre..2tinj in the bake, tiiv re-

sulting ch-rccul It neorly cat cood u, tsiAt Ironi thtc orisiv~l racill A

recovery plunt for tre,.tinut2 tia- cacovnut fiziet war. built iat #.toria.. Usa

pro-luct vae culled "CouliteW"

The gretut a-dv~xit,,e of cocoanut L.S~OU. ur - ourco of ca~.rcoci1 it

taiLt it it very dLn89 Afid CUonsUi4L.ntiy it it -Oe~itle tQ SonVOr~t it ilutO I

maee kiuving u large number of line ýor~t, wiiore&.: - et -ewt uv~ od, like

cedur, .111 necover~rily Fivts more lurger yorer, -.)iicu .rt oi relatively little

value, 7Ue cocoanut chaarcoal is alteo pretty rerittý-It to ozic.Ation -ý.rdcA

reeme to make rejective oxid~tion r, -ore rimlo n-Att.~ r..ctn

different woodeo it it Tot-ible to 'mke cn-.rco9- frown them .'.Mea it re.rdy

equal to th-A from cocoanut i1ell.

By lwA~ in-- Imp b1.ick i4tia !-llpi -ae ri~uettinj,, it U..nr Pes-

Fible to 'i:kc ai cir~zo .1 hzavizat;Aq cc -d- vl 1-.u t =" crvfio. VU -9

co':oanat chý.*rco..le A~ the Cornell LJ.ur ttcry CSI. hr!oA.4 zol 6~d y owul'.

eifyin.z wrbon o~aok with soft pit.e., "1c~ 9419 t~av I .u j 0 va±Oak @ of

nimtes %,.ilnst oaWA.pi'rda Weore It IwA kAon 144t.~. looked

so ~o t L %46at~ pl.nai wevre 4*nu lor mtkir, timow.tI u%:~ 1 Oux t orO 0v1oo

tuah itoduet at GSAAAsLu~l~o bo Ar to .Jw* It L. ~'wwowa Uri. Tid i Vt

not to( on 4&9;4uR% of "m. jttqopjj or .i±i rc~r" j.ork. No rotti.rle

-A~ Of thaib yrodu.ct w.. tiew vro, wufora .dtributicoa-of iA r
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Th natonal Carbon Om~pany alp studied the production of

material. noead of s.eam-treating arthracite coal.direct, the

National Carbon Company also pulverized it, mixed it '.aith binder, and

baked it into rods which were then ground and activated with steam.

The resultibg material, .-hich wac kno,,o.v as Carbonite, had some•hat

less actiTlty than the lamp-black mixes b•t vas very much cheaper.

A plant was built to bake 40 tons a day of this material, which atould

yield 10 tons a day of aot've carbon after allov.ing for grinding

losses and steam treatment. The plant was guaranteed to fv-nish an

absorbent having a life of 600 minutes against ohlorplcrih (40 minutes

on the ,aooelerated test)

After the armistice was signed Mr. Chaney took up the question

of ha.i the Germans made their charcoal. The German charcoal was made

from a coniferous wood and was reported to be as good as ours, in spite

of the fact that they were usirn inferior materials. Inside of a month

Mr. Chaney had found out how the German charcoal was iade, had duplicated

their material, and had shcvm that it was nothing like as good as oux

charcoal. 'he Germans impregnated the nood •vithJind.chloride, carbon-

ized at red heat, and washed out most of the zinc chloride. 'T0hen this

zinc chloride was found in the German charcoal, it was assumed that it

had been added after the charcoal had been made. It was therefore

dissolved out with hydrochloric acid, thereby improving the charcoal

against ohlorplcrin. The German charcoal was then tested as it stood,

including the •ines, against American charcoal/ 8,14 mesh. The most

. ., q•'



serious error, however, was in tooting only against a high ooncentra-

tion of chlorpicrin. The German charcoal contains relatively coarse

pores which condense gases at high concentrations very well but 'which

do not adsorb gases strongly at loi concentrations. The result was

that the German charcoal was rated as being four or five times as g•ood

as it really was.

The general theory of adsorbent or "active" carbon has been

outlined by lir. Chaney something as follows:-

1. Active carbon is a form of amorphous carbon deposited at re-

latively 10-; temperatures (below 60000) by chemical or ther-

mal decomposition of carbon compounds. It is substantially

free from adsorbed hydrocarbons and from the inactive forms

of carbons deposited by thermal decomposition of hydrocarbons

at relatively high temperatures, as in so-called "gas-treating".

* . Primary carbon is active carbon plus adsorbed hydrocarbons.

Destructive distillation of hydrocarbons at low temperatures,

as in the charring of woods, burnin-; of oils to lamp-black,

and distillation o., coal, results in general in the de]osition

of-active carbon, which-adsorbe a certain amount of the hydro-

carbons, thus forming What is called primary carbon. The

adsorbed hydrocarbons are stabilized thereby so that they

resist oracldng and volatilization at very much higher tem-

peratureo than they would if not adsorbed.

3. Activation consists in removinr the adsorbed hydrocarbons

4 . from the active carbon and in securing the proper porosity.
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The removal of the hydrocarbons is a difficult matter owing to their

"being 4tabilized by adsorption. Increasing the surface of the active,

charcoal means increasing the adsorption. Increasing the porosity and,

therefore decreasing the density is of benefit only so long as it in-
creases the surface. A first-class charcoal, may have an apparent den-

sity of 0.4 while the true density of the carbon Is over 1.8.

The specific oxidizers found of most value were air at 350-

4500C and steam or 002 at 800-100000. The success of the method lies

in the fact that the hytrocarbons are more susceptible to oxidation-

than active carbon and may therefore be removed with only the loss of

carbon essential to proper porosity of the granular absorbent.

4. OAs treating is the decomposition of hydrocarbons at high temperatures,

in general above 60000. Mhe product is inert, non-absorbent, and re-

sistant to oxidation. When deposited in the pores and on the surface

f7 of active carbon, it renders the latter inactive, and partially or wholly

incapable of re-activation, depending on the extent of the gas treatment.

The inferiority of the British and French charcoal is due to the inac-

tive carbon formed a• a result of prolonged, high-temperature distillation.

The essential feature in the manufacture of active carbon is

to avoid gas-treating both in the preliminary carbonization and in the

subsequent processes of removing hydrocarbons from active carbon. '..hile

retort carbon, ordinary bituminous cokes, and various manufactured car-

bons are Inactive and incapable of activation, this is not a necessary

characteristic. I k4 to the' method of coking or baking, such products

* have received a severe gas-treating. 'hen this is avoided, active car-

bou may be manufactured from any carbonaceous material.

n- mm n
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The manufacture of a satisfactory eoda-lime was z difficult problem.

The first soda-lime had too much caustic soda and wao too soft arid too de-ll-uos-

cent. Captain (aftervards Major) Dudley brougit over the formula for-the

British soda-lime and thits vas taken as a ctartini; point. It was neceue.•ry

to strike a balance between i number of 4euir: ile 4qalities: abtorntive
activity, capacity, h-trdnoes, resiettc to beion, ciucmic-.i stability,

low bre.athing resiuti•coe, etc. The development of .'ttiof.-ctory..•oa-

lime involved, ts . pralimiiry, - carefuAl ý,tudy of the rapi miterialn and

the development of stAnd&rd -pecificationC- tnd of :.etnodv for testing. The

method of manufacture io in some reqpects more imlor-.nt tha•n the exact

composition of the product. Det..,ile tn'crefore had to be w.orked out for

mixing, Plabbing, dryinr :.ýnd griridjig. The n.et od of nuf.eturr .'s

impiroved by deviuin,, rorcess for qr raing. roQium-.pur..t 1pon-l the

-rrnules after they were dried. The fin':.l product con! irted e!rnti.Qly of

a mixture of lime, cement, kieselguhr, _odium permngaanate 7.nd .o(dium

hydroxide, the l'et two being rresent in very .mall proportionr. The

tne steer belligerent countries.
A caeut many exteriraeats wre :•lso .de to find bettor tinding

i•" agents, better activatinh acenti , or specil reKzentE wnicn right im} ruve

ptoe absorbent with rcfementthe to oloie p4.rticultr gu. It was .juit_ easy to

produoe better results in any one lireution; but these we'e usually counter-

balanced by u correopdnding dieadvanta;e, If thie h-trdness was increseed,

- wSol



for instance, the absorptive activity always decreased and vice-versa. The

following materials seemed fairly promising however: copper oxide, wuich

i'~roved the soda-lime greatly againet hydrocyanic acid; ferric hydroxide,

which helped against cyanogen chlorlde; and finely ground charcoal, ws'ich

tended to activwte the soda-lime againtt all ýd.Psfe.

The successful production of a eatiefautory soda-lime for the

Airmy led to a request by the avy 'or the development of a more satisfoctoý'y

eod -lime to absorb carbon dioxide in submarine•. n eatorlwl .as developed

which -ave distinctly better ubsorptive efficiency and enorrnouIy better

mechanical properties than any 002 absorbent previously used by the Navy

and permitted submergence for eight times the •eriods \ilich hýad bwon possible

previously. A soda-lime .as also developed for the N1vy to be uedl in a

self-contained oxygen respirator apparatus for the abeorption of C02 from

the lungs.

Since the abe, rbents are pluced in the eLnister .-t leatt two or

.three months before they -re used and may be in use for severol months

before they -tre repluaced, the quet-tio•: of deterioration is u serious one.

11e prevention of deterioration of soda-lime was found to be lar-ely a

question of keeping the vwrious, raw muterials an pure as 1poseijle. The

chief cif iculty is t?e decomposition of thu.urm.ud'wat, which can be pre-

vented if the ,-lkuli content is kept low And 'll tile materials ure free from

reducing agente or soluble salte. A low. aýlkali coitun . l1o prevent.s

deterior.tion due to deliquesconce of thu aii.orbQat.

'"he only minod by which Dcdiula IUrmIArlanate waus made bofure the

w.r ,Uve a product widch was entirely unnatieifactory for uot in bod.-,-lime be-

cause not sufficiently pure. New methode for oxidution and evapora'tion ,.ere

At/
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thert.fore developed. Ani electrolytic method of prepring sodium per-

manganate was develope'-1 The work was begun at tho Jobne Hop~kinv laborai-

tory, cirried f"urther at the Washinigton labor~itory, put on a large-scale

laborijtory basis at Columbia. Uni~verAty, anid tried out on V. se. i-plant

scale at the works of the NitionaJ. ElectrolytiQ Clomptany, 11*ia,:;ara Falls.

The experimeLits were entirely eatiefo.ctory r~tndi: rauca purer pejrmnianganate

was obtained than by any( other method. It 'waS tjn.ýted tii'ýt tiiJe ~U~t , the

electrolytic proceee w~oula onily be auout oxie-tnaird tiix.t bGli cile eic.-IJL process.

As soon as the coda-lime proUlem wa- fairly wvell in hand, inveeti-

gzitlozi was begun of a ýrreýAt number of other iypes o1 possible absor'bing

materiL.as. It .,.as coon found that4 tau most prom-iiiing of all typee of ýib-

sorbente wJere imire gnated ciatoae ince tiiay rotuined the abeorptidve

action of tl~e chkLrcoal and yc;t Qould react cile::.aicall u'atý, uurtý-ia 0--.,(!o1

14,ending.; upon tnc, xwiture of the imrnai_ Eit Th.coals~ hLVe been.

i~renapdrh ." c Cal.ly ill. the, feul)5-jic ~1vY.IXoC..............man-

~nogz eicz~tz, A;;th organic co!Voundsz, witii exitizin- a, rts etc The

best w~ter'ial ~.ac a copput-ivipiegnated charcoal to ;iihthu n:)re of .1hetlerite

wias. ;iyuo. It was made by introducing; ýoipq.er ruliiAe into uol ndi

~red in with finely Aivided iron. Thsaorntiucsit; l-

round inprovemont over the uorraspondiný, imI.3uju.~tcd Vcji'CO2 L n4d I.-as to b~e

been put inb l'ýrge-ecale 1jro~duktion by thei GL~ Defoiu~e Divizion. The

material ;:, aLn UVI~ia,1 increLaee in Eer~ViCe tieOf 500", !I;in',t "r~iine,

l0Q , Lainrt iycirouyunic raciJ, 600 aLainst PilOL'1 -. d Otlt~ir ~cc .se

10 '.'ina otsaer guaees,

SAnother very promising new typeof a :borbuiit was th'ý uo-c~lled Iron

-:el or ferric hydroxide absorbent which ifts made lay precipitutin:; f*orric hydr-
oxide In ak very fincly divided form, wrashing, Iryin,- vury tlo,.,ly, anid ýrin(Ung

into granular form~. All tniucs opur.Aionv must be c:arriod out uriuer c,.Lrefully
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defined conditions, The final product is a better absorbent for all

gases than charcoal in a dry atmosphere; but it showed a great ten-

dency to take up moisture rather than .the poison gases, It seems

possible that the ideal mixture for a canister may consist of 70l

VThetlerlte and 30' iron gel.

-4. SAnother very interestin , absorbent was the silicew-gel

developed at the Johns Hopkins University! This had great absorptiM.

power especially against high concentrationsc but did not hold the
Sgases sufficiently when they were present in lov concentration.

5necial determinations on the effect of the size of the

particles of the different standard absorbents on their efficiency

against different gases sha::ed that the increase in efficiency wvith

decreasing size of grain is very great with soda-lime, less .,,ith

".hetlerite, and least of all with charcoal. Experiments -ere also

made to determine the best coimbination of size of granules, depth of

S.. layer, and area of cross-section to give the maximum efficiency and

the lo:iest pressure drop through the canister. 'hese experiments led

to a radical change in the design of the 1919 canister, givir!: it a

very large cross-section area, a shallo':a layer of abco-bei,'., xl16 fine-

meshed particles.

i-'



The Navy wished a special absorbent to stop carbon monoxide

and Col. La•b's Soection succeeded in developing two which were satis-

factory. The first consisted essentially of iodine pentoxide and

fuming sulphurio acid mixed with pumice. This reacts with the car-

bon monoxide oxidizing it to carbon dioxide. Some experiments along

this line were e by the French; but they did not carry the

idea through to a successful finish. The second and better absorbent

consisted of a mixture of suitably prepared oxides which act catalyt-

ically under certain conditions and cause the carbon monoxide to react

with the oxygen of the air. Thit is the one than has been put into

large scale production. Since there are color changes connected with

the iodine pentoxide reaction, it has been possible to develop this

so as to serve as a detector for carbon monoxide, sensitive to

The Navy also wished an armonia absorbent mid a successful

one - found-" Kuprameto 1hich consists of pwmice impregnated

with its weight of CuS 4 •H2 0. "v'ith 44 cubic lches Ain the standard
,rmy canister mn at rest have complete protection ýagainst 3& amwonia

for four hours and awa~ist 5% ammonia for 2.5 hours. -ith men doing

severe exercise the life against 5% ammonia is over 25 minutes. ..t

a rate of floz of air of 85 liters per minute, the resistance is less

than 50 urm. of water.



The development of the canister and of the face-pleoe of

the mask was oonneoted so intimately with the produotlin t*rat it

seems better to take up these twvo general questions in the chapter

devoted, to the Defense Production Division in spite of the fact that

a great deal of work was done by the Research Division. Oertaii

points in regard to the canisters and the eye-pieces oann be dis-

oussed here

:1!I
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c in~ruouc.< vi. The ton'dency to Li.,nnl '.uriec ith thu, pzý,ckin; of the

cfukivtte r -_.n thtý rŽ.i m rilt-l an cih lnn&1in- led to _:rj imp rcveC m ti& kw of

ck, m: Tiic Ovigi~ l r1ediod of p~ickirng ox~imt cowmitort. h-d been

to po r i-c 1,orent". n 1rc, tite cinivita F ýiic ''~ i± Lni -r.. ~t~ a %wooden

blo k. This method p lrk t'nu 0ca-,tiev 1,11tr Vud.i nc Cx,..uef!u.

F.to ci~aynel up- the~ i&- The imnproved motnodI couiviiltceC 'a, fill-riL 'Lite Vcxoiritvter

vith absorbezit-I and !Jioi iL; tertiuZ -tuut top ccrecý±a " trix.-. Tile cvnieter

yrith tie -riringi cu pre -re " d iz -j6iie-. jolt-l d~u *i rnv:.iiin;ý !'xc, i. rviJ to

gi ve i-nc_ cni.ttr (fl1Oii td rýroy one iauldrcd :-,nd fer tU

tbei t iz ýTbt vo .ft. 11c fl o o jolý .;.c i. ~. . .¶~ ure
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~fit f~lin ten~erutture the life of the ~i~e hr

n<in~t~h~ene, iiydrocy,,.nic tcid, arid cyanobgen chloridae while there i o

pru~ctic;ýJ.ly no cW~aige vvit.h the twmirpbture when the cuanipter i.o tested

Uap: .inEt u'lorpic-iin. The diffel'cICee mYL- bo quite mnarked. T~'ue chnx-loal

hIStl.et 1'7.5 MinUtýQ :'inet Pilo~.e 400C wtill stand up for 54

niinutee at -13 OC. Tile diffIL-1oaIe iL not 00 Fgre:t W:it~i eodu-linie, rvo tn-.t

00

thar at 40 0C inutead of about 20e. -reLaer oce would. be the caz-e if -Oie fil-

1nfl, wereo clti-!'d'r ;i"vol wth h I I!r II .iz (Ad the v\'.ii2t-L iti.n

the r.ueic verb' marked for thc da-lirne und ri'. livel~y little for

t',IU chx.lxco.1 I ±u the li fe of i l .k i z; e i! ~-1m'.U LZA'.oubl &kici 'r

V<3n fron 400 to -13 C whlilu th ýýrivuasd life .,itb :2.oze iji

oaly a~out 2 K.,.-%in.A cytnoicon ciiloride 'Lxiu life ,,t tnti; jo,;er "r

tt VE.( itAI Vizr:Ai. i u':i y~ th .Liý' "d th~ L ~ ~ c'LJint 1 io~ee

ci' h..~ ~ ~ 1,- lif L' 'I~ U ic L. C, f**~ 't:~ t~.' pic ~c

Ath iiro-I..iii,,1--ho:4n

4 ' iv l if i.* I 1' C*" L, it 4, L io; C.*.u CL' LC' 1.0;

'~''3 C ~ C 4. I.ILtC 51. 'tir Cu "Cl !rii.w r o'ac.' i~~or.2i
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One great difficulty with the mask is the diming of the

eye-pieces. The French met this to some extent by using eye-pieces

made of cellophane, a hydrated cellulose acetate. This material takes

up water but lets it diffuse through. The eye-piece re:mains non-

dimning provided the condensation of moisture is not too rapid. The

Germans used a gelatin-coated eye-pieoe which could take up a certain

-- amount of water before dimming, after which another eye-piece must be

substituted. The British used a glass eye-piece upon which they rubbed

and anti-dimming mixture called glasso, which kept the water from

forming in drops on the surface. In the French Tissot Mask the air

which comes through the canister passes over the eye-pieces and cuts

down the dimming very Lauch.

The Research Laboratory of the Bastman Kodak Company suc-

ceeded in producing a gelatine which was distinctly superior to that

manufactured by the Germans. The fatal defects of this material as

compared with glass are its poorer initial optical qualities, its

softness when moist making it liable to scratching, and the tendency

of the eye-piece discs to warp during the absorption of moisture or

during drying.

The French 'cellophane' eye-piece is essentially viscose,

so the actual making of the material is easy-but the difficulty is

to obtain discs in a sufficiently transparent and optically satis-

factory form. The Viscose Company succeeded in obtaining material

equal to th4made by the French and in thicker sheets ,but it was

still distizctly inferior to the hbydrated cellulose obtained in other

kf>
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ways* Denitrated cellulose nitrate gives a still better product

but it proved impossible to denitrate completely sheets as thick

as were desired. This work was done at the Delta Laboratory of the

DuPont Company at Arlington, N. J. Cellulose acetate proved to be

the best substance from which to prepare transparent cellulose.

ahe Chemical Products Comoany of Boston found that with alcoholic

or aqueous ammonia it was possible to hydrolyze sheets containhng

very little softener and which were thicker than those to be obtained

from any of the other materials. The product was distinctly superior

to the French 'cellophane' both in hygroscopic an. optical properties.

Like the other forms of hydrated cellulose it is subject to cockling

and shrinking on repeated drying, so that it frequently pulls out

of its holder. Thn,)uh Its optical properties are surprisingly good,

they are inferior to glass and the material ih easily scratched when

S..moist.

"One other material studied -was a hygroscopic glass. Class

lenses were actually secured which did not dim readily; but the material

had not the recuired degree of permanency.

.Vbile these experiments were being carried on, work was

also being done to improve on the anti-dimming materials used by

the British. The material finally adopted was made by heating a mix-

ture o %sisting of 100 parts of 8 'Zurkey rod oil, 15 parts of caustic

soda, 5 parts of syrupy water glass, and 5 parts of paraffin, then

drying the mixture to about 1V, water content. This matorial was

manufactured on a large scale by Colgate and Company in the form



of small round sticks. Ten million of these anti-dirirng sticks

had been contracted for by the Gas Defense Produotion Division.

With the introduction of the Tiusot type of mask, the

problem changed somewhat. .:Ith this type there is much less dinining

because the inhaled air passes eve.: the eye-pieces. Dirming does

take place intermittently when the man exhales and this iE of course

more marked the colder the reather. r'xperimento shoared that the

anti-dimming stick developed for the S. B. R. mask was not absolutely

satisfactory for the Tissot type of mask, but a slight ohange in the

formula met this difficwuty and four million of the new type of anti-

dimming sticks were Ordered by the Gas Defense Production Division.

It seemed possible to eliminate al" dlinine with the

Tissot type of mask by changing the design somewbat. All thc forms

developed for this purpose made use of a sponge-rubber dam fittine

tightly across the face over the nose and cheeks thus dividing

the air apace within the mask into ta':o olvAnbers, one for the eyes

and the other for the mouth and nose. In -. at seemed to bc the oest

of the four types the ai r from the eye chamb ,. passer tVrough a

sizele, la.-ge, low-reuictance valve to the breathinG chaser. It

Is not practicable to place this valve in the rubber dam ard It

mast in general be included in an ozcerm-A tube. ,Ath a valve

placed at this point, the corresponding valve on the base of the

oanister O*An btý omitted. We a irangusnt prevents the baolar4

Sti. of moist air Into the eye-odhaeer and yet does not Involve anW

serious effects In Uak resistance even at high ratet of breathing.
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Masks of this type have stood up most successfully under very rigid

tests. The one essential Is that they shall fit well. On the other

hand the question of fit can be determined easily by the soldier

himself. If the eye-pieces dim, the mask does not fit and should be

changed.

In connection vith this work experiments were also carried

out to determine the effect on the soldier of varying visibility.

Eye-plece materials which are optically inferior w.0hen the illumination

is good become relatively very much more inferior with poor illu-

mination. ,hile good definition ie iuportant iin bright light, it

becomes extremely important in poor light. For military use, eye-

pieces should therefore have the best possible defining power.

TLhe effect of decreasire visibilitt on the aacuraoy of rifle sighting

=as tested thoroughly -with good illumin,.ttion. N•o serious imtairment

oocun- until the definition is reduced to about W of normal, the

decrease in visibility evidently beings counteracted l:.'egly by an

Inorcace In the effort of attention. Different results -ould prob-

ably be obtained with tired metý. Diccrimination in a limited time

between a gray objoct and a w:hite background was also tested -114

varying Illumination and i• :as found that there was not much im-

pairmmit In the pc,,er of diserlmination urntil the defining pover

droqped below: 5T. i,,th poor light the difference became noticeable

much sooner.

f c'



Trhe las v uced in the mirk eye-piecet, tm, o-catlled triplex j,11ive

coneisting of two Thyerv of Clatit cemented togetrir boy ttlaYer of pyr~lin,

Whitoh ký V OrpCcial C(,ltu2oid. Yor a long~ time the output of thio Cul, er-Glas v

Oompuy w only W000O eye-piecer- ;or day w~ith 60ýýAdo ctione. Tiie~e

rejcetiont- were due 1ý.rgeiy to lllet-ýocop (i~n chich car~e tiie ,jupt, vqp:.rýLe

from -the~ pyrailiri I..qor), crackut, 'eqUeeZV-cu~tV' , tl dry ýot' 'ot of

tkieee cdifiieujltiet ,,\eor cLtuued by ikimu>.icient curing; of -ihv pyi-lizi r. 6

hy imlproper mthode Of cut t'in4 :tnrl jprcf-,tdir:* t'c. uiyr ued ill -tile C'cii~cc.

¶The Reveu. .rch U)ivirioi ý,a Ule to I'ULý,>t' o ekt'.ii lcz.,Ou.:lt thy

rrC,ý.:,tior. U- 40' Up~ hi.h 1,,V 50000 le-ccc r~r d&r ;;ith 10 T1&1Ž:.



c"At very careful study of the theory of smokes md. The con-

centration of the smoke was determined by precipitation in a modified Cottrell

apparatus concisting of a central wire cathode surrounded by a cylindrical

aluminum foil anode about 1/1000 inch in thickness. A 15000 volt rectified

direct current was used and complete precipitution was obtained Atth fairly

concentrated samples of smoke oven wien drAwr. tlirougli the apparatueAof about

five literb por minute. The aluminum foil and adaurinj; smoke were then

weighed. Microscopic examination chowed wriether the umoke particles were

* liquid or solid. The vize of tht particles in a smoke can be deter..uned

ultra-microscopicully wita fair accuracy by meavuring the velccity of a

charged particle in an electric field o f nieosured int#ýnsity, pnotog•rphing the

pa/t of the particle wbile the direction of the electric felUl is reversed

regul-trly by a rot•tin- commutator whose speed is known accurately. When the

convection due to the source of light ip perpendicul:.r to thib motion, a ziA:ag

line is obt.ined. Since about one-third of tue t)moke purticlas are ciarged

electrically, photo,;rapnz• of tUese oecillutions show simultaiieausly the- b-

havior of a large number of particles, tjus eiMpllifyiujn t% study of siZe

distribution. For the moce rapid study ol •mokes -An instrument called the

Tyndallmetoer was devived •Jiich meunureo te Lrinw t:iese of tau 'yndll bu=w set

up in the sowke to 'ue examined. For low conceontrationu 01 L-zke tne tri,;t-

noe8 of tUe beam iaureaaee sit,& the cocenti.ýt io, ui the dere" (4 aiqu•uvtity

of tau smoke nmteriul, to tnAt if eitner f4ctor reimit pr.•ctically cou,,•t.nt

the re..in-v give a ine4sure of tse vari:.tl-c, of tiu otrior.

Tobxc smokos aru lirep trod by cone &watinu, diintoegr-tion, or Lom e

combination of the two. "Me con.ileartion or Lueirl mutoodi 4oawite- ea. u,.tix-

ly in tUe volatilization of a hilbet aicti "'lanr n ouft ficiently low pqpor I rta-
we

oure, followed by a rocon-enuvtlon of the vto•r autu the t'e ••,ra'ire ,t- fallbn
- ,

1.A
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Ultvrmicr.,"rfph s~howing &LE sag P~ath of Chztrg'od , s' 4 clo6

n~bjectSA tc. % R~apit1y Re~reingla~ ~LctTr.C.1 f lel~
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sufficiently. The emake consi~s of rela~tively large particloe if the

rate of condenrnatioan is low as. wihen ruporizatiori tukes place in an open coil-

tuiner from which the condensing vaporti paso Dolowly into the air writnout

being, diluted aufficiently. Each Particle rem~dns. an a-,,reoiatble timie

in conta.:ct with saturiated rapor and consequently inocre:1000 very r.,qi(ly~in

size. On the other hand relattively sm~all p~rticlc, -,,rill be formed if -the

vatpor is ewept awvay by a current of, hot gaseo under prE;,ý.uru L'(cuciau it is

thon dUlutod bufore supereaturation occurtc. 'he poscil~ility of the very

es-!ll particles coallescinc iv ,,doo less at high dilutions.

In the disintegrAtion or explo,.ive metn,,od w;e ii-.ve tio 1..rti.d

mecli~lic~l ehatterin-, of the rmatorizi ou..ir,;, to tii, ýic~ck of tl,,to e..~lod.on

-.nd a p-Lrtiu1 v.,porizaio of Li. .,i-~tterud muturiul ~uuc, to tl,, heato

e.Ž-ploei on. Tne iu13. violerncz of tjii zuchLanical zshock ie not utilized eince

the ý--oke mutorial doeo not r~ocsess. nufficient inertia to receiE5 tiue full

force of t-ile shock; and the effoctivenooss of tat. hat of toexpoio in

reduced ,reLatly ov.ing to the very L~rief ptricei the li,.tod

zo te. Consequently the oxplopive method cioe- not ,i(-co --.anYy finely

dividod emolke rarticlee L-sý doer, tie tlirmal mc-thod. ',t..Lrtin,.: Aitn u pozder

01, about 0.1 mm in Ii.ýxmeter, th~se ilion k\(ilJ Chato tlwose no.'e oi- le e (

oaomplutely into pIrticles ýal 0. 001 M~.q ithe lhe~ pioc'Lted ;Ll V..p6rize Eomu

of thute p-irticlers which Aill thon preclpitý,ti in a fiiner form; but theo I j

he~aveh:.'n- diameters 1 - O.U ,,in very much love tha,'n wlien the tiiexria

marntnio, is used. "'itii tueo vubut iicor) eudlud, Vý3ry few p~l..±'tiAUL ari' owtntt1d

ia~viul;, diInetaru lebts thanlOULciiet~ vr ;a%~ _llr

r ~ o iwtQio O0~4,'4 1 ~(~ty eauet~ Vi~?uniL 1



2ome subst knees 5.ive igood enoikee by to explosion while othersA
do not. The important factors ,re the vapor preoeuro, the latent heat of

vaporization, the melting:-point, and the etrun6,tia of the cryat .1-Une forces.

The vi~por presoure iihould ihave a rneiiuv vuluo at oi 4r~.y te~qor..tusoea; if it &J

too higgh, recondenvw.tion dioce not tuke r1,lce vufficiuantiy r.-.riuly undi if it

ic toc lou, LL very fikie ete-te of ikubjivision cunnot Le olvt~.iiaic ol. e4 1ro:'ioxi

und the tempar.-turu muL-t be ;--ied -Co-, zui,; Li tlie cace of t~im tw;n-Tl

of courvc to phoc~phortiv pentoxide for iat-t 410.

If tue latent heist of --.pori,-&.tioi iL, low,, ruorizatioxi by the heat

of explo.Uon is f eilituted ;,w! a c~Golin.; of the nu r.e:vur Ated 74or iv

obt tirwo' noro ~~l' If t,11 .r1eltin,; point ia lv z t~i~e IubuL uice -,.,ll :nlt

on liitiie:Ain., ~.ud tats co~alei *, ueo a liq~uid ivL ~&W~ViUbl Liklur

that of the corrocpor.in,7 voli~i. 'Jiti. uny -ivt~n z-olid, divi.,ite-rattior, will

take pluce more ru.t !i'y t~he lo-or "hu zoheriyL foLe ro . ta~u auctility, if

the enmoku mx:t -i d i r -. i -- od it euoi -a- .:c Alx .ticly -i; n. -ouldbe

Zrurlvayfie. Ab . -lal~ad.,uo.1-ý -cx ultvuy 04-ut/r
coll.1zv ;ive nuch bbt~er nmktd. '~atntoiv

Partial..t of L Ui.nut-e 1 - 0,01/. buc.46 ire toua.inu 1r od

rolau~ivuly per3naaout mokuv, auru oatlU 00,1 A.re -- A&i~ i.u .1 iiLry d-,6:Aur ouf

tit t'moke hilters. ý0"JO.0 %..iu XIitur itut ik.L icL ~~iyl*k

ziuvo. "'"At uatu4 l 1noria ttau o C..&'iVt* In tac t;~ i of

fmo~kO p~rticluu tc t~au "41 ctel cql-ý uhan tawOY m~tt "Muu.'s !t .-C..* Ct

.it~a it. ia cP.rv baubQ.~t Iii coat -.*t -4itta %ite w..j Ly !,eVn4.~r. vitts

by diroct collision mene tiauu vk-ýo of air c~ri-*in& t.Mc r-trtl4lu turar -L

euuden corner, and by V~r A i ee I i~

3* u7;f



With a -fvon filter the jiercentaýe ponotrt~tion of eraoke decreases

druing a run partly bocauee of clogS.ng of tile filter and partly becauLe of

coacrulation of the rPnoke with tim~e. For tho s>n ized jp .ticl~c. tht, pfi-

cent;a-e penetra.tioni ie pr.-_ctirxrlly ind~e-ndernt of thj coocentr .tion. Ave ry

low rateco of flow tile penetrution ii] rracticajlly zoro. Atiit incre-Aced rute

of' flow thure i-o increit~irvn penetration, beyondi -ahich tilc percuntý.v ;wotr

tion v---riec ver2y little Ait tile ^,_Le of flo.-;. 1,110 Lu.je-p ..,- potitiori c f

the p~enetration. curve dopendoý of ~o.oon ttzb rc1io .u C'_, I.. filtov.

Thisa study of tuhe tnuory of hmoke ,oduution rwimu it zoti-idlbe to

devise matthod.- of usin.- emcke uhiich ,oul.1 undcoult,:;jy jj.,~ !I._- - re_ ii -

vzalue h~t' it not been Por the ~ijt ~ ft~ ~:itce. Lre-zl pro-

ductioin of tho new 1 vice,3'.rue alre-dy ..;o,ýer y

.'L study w7an i~loo mudce of tuo poceibility of r'enderinL tile Cr'

mieke vrlalueveo by coutinG' tii. ýart~oul wAitn- Mat'Z1i~l ýIioh .ould pre.vent its

aboorbont uaction, or by co;igtile v!ioko filtore huL; m -Yin:,r~tan

throu); iti: cut ?nce r'Cft Of thit izzTlro ~utill Weu L:.'c ;~on-

rictc in removir>; hy-Irocarboris, o4urimeu.At mrez as~e Y.-til koreronee, bonizene,

etc. tesreta I 'hu allar~mll ý1'-'ýinvt .vvnonlii. It ,;ae foman ihAt !xeox~,tyl6jo

qwtntitief of these m .torialt' verc nuce-tv ry in oror V ij. ir tile i :e-Ja

poweor of the charcouil apn rfoci . ly aLnd Calituqjuoili; tir? 'IA14C .a;I dliomarjod.

It .voulli apraurwntiy be fouttitlo 'Lo ;loý tiue :;er'!k. Ly'ike filter i'ta '. it.11a'bm

chlojdds crmnko; buL Abken jonetr~tu tue l1o.-wLn m.itk tc. rodily thAt ..n zOA

with titune Lteumtý .lore rij i Lh~n onu Atiti tit.-tulum tislorido.

4..
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STOXIC .OU CLOUD 1M0m 500 Dam. CAMDLAS (beoond Test)

(Arrangement of Candles 6W tlur to that in First Test)

The olouad drifted over tim iarrison nearly three
miles from the origin oauaig unroteoted men Severe
burning In the throat aal lumnp, sooommnied by ooughLng
and In some oases vomiting. The woke ws deteotable to
an Irritating dsgee in Lakehuwetp N.J. ihiok Is about
4 1/2 miles from the orlgn of the oloud.

Test at Lakehurst Proving Grounds.
oo.. 2, 1918.



P

TOXIC WOKA CLOUD l•0km 5UO Dela CMhID (First Test)

The coidles were p..oed in 5 parallel rows wbioh
were 2 yardes apt, esab row onmtaining 100 coandls on s
100 ysrd front. The rows of oandles wre ignited in
sucoeseson, the total time of actlve smoke emission being
23 minutos.

Praotioall• all eranm and U.8.A.H. Canisters nre
onoetrated unbearably to a distance of 1600 yard. Logan
Pelts slithtly venstrated no to 1000 yards.

Lakehurst, 1.J, Preoving rounds
Dec. 12. 1918.

"80-
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VIIN FROM B~IIND ORIG:N A1'?Ick IGMXjflZa. 0?p
THIRD ROW OF CuILLZS.
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PE1DEMAT IOU M.BARATUS USED TO TEST

THE SfMO&LE FR'lOM TOXIC CAIN&LES.

&iLATZ LXXXI
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Lll tlw filters devi:Ou for ror~l rm.-or.-Ox liIteodic,. ve yo:

hi,,. rt istance to bro..:thir,-,. ':he i~eferi:o (Chende1 i.eE~eurch ýOotionl

t:Lerefore tacd-ced the *,.eoblw. of oleczr~c~l 1pr.ýciritation. They suc-

ceeded in cievelm-irn3 a sort.able electrical precipitathoij arp.:-xatus- of

the Cottrell tp,:e~i~about four to five pound-- -ihich mmroved

smolzez cortpletel:; an~d introduced only --4n inapx.eclablet resichtance.

.-hile the cost and. cm.plication of th- s-ecial -a- ar-.tus would urn-

do-abtedly prevent. the ge2:eral uze of such w, on the buttle-

field, It mijit be of considernable value in z;-ecit-l cu-es-- Lfld rrdifat

--el'- be -.,.ed fcý:, v~riety of indut~trlal 1PUrI'ozerO it w-.-;~ foun~d, for

in.:tance, tvL.' the eloctrical iredi-tator removes- bacteria corx1 -letely

fron the In!"led ui..



DEPARTMENT OF THE ARMY 
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND 

EDGEWOOD CHEMICAL BIOLOGICAL CENTER 

REPLY TO 
ATTENTION OF: 

RDCB-DPS-RS 

5183 BLACKHAWK ROAD 
ABERDEEN PROVING GROUND, MD 21010-5424 

APR 1 4 2015 

MEMORANDUM THRU Director, Edgewood Chemical Biological Center (ECBC), df-"' 
(RDCB-D, Mr. Joseph L. Corriveau), 5183 Blackhawk Road, Aberdeen Proving Gfo:nd, 
MD 21010-5424 

FOR Office of the Chief Counsel, US Army Research, Development and Engineering 
Command (RDECOM), (AMSRD-CCF/Ms. Kelly Knapp), 3071 Aberdeen Boulevard, 
Aberdeen Proving Ground, MD 21005-5424 

SUBJECT: Operations Security/Freedom of Information Act (FOIA) Review Request 

1. The purpose of this memorandum is to recommend the release of information in 
regard to request to RDECOM FOIA Requests FA-14-0054. 

2. ECBC received the 1eq1ue:s1 
request originated from 
information on the 'h,•mir<~l 111/o•rf<~ 

"mmn, the RDECOM FOIA Officer. The 
gathering 

3. The following documents were reviewed by Subject Matter Experts within ECBC: 

a. History of Research at Yale University, dated 20 Nov 1918, 11 pages. 

b. Bancroft's History of the Chemical Warfare Service in the United States, by 
Lt. William Bancroft; AD-495049; dated 31 May 1919, 206 pages. 

c. A Historical Sketch of Edgewood Arsenal, by Lt. William McPherson; AD 498494; 
date unknown, 20 pages. 

d. The Diary of Jet Parker; C390D1; dated Sep- Dec 1918, 26 pages. 

e. American University Technical Reports, Bureau of Mines, War Gas Investigations 
(WGI) Monographs, date unknown. 
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SUBJECT: Operations Security/Freedom of Information Act (FOIA) Review Request 

4. ECBC has determined that all of the reviewed documents are suitable for release, 
however, all documents must have the classification/distribution changed through the 
Defense Technical Information Center prior to any release. 

5. The point of contact is Mr. Ronald L. Stafford, ECBC Security Manager, 
(41 0) 436-1999 or ronald.l.stafford.civ@mail.mil. 

Security Manager 
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